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SUMMARY 
The s tudy o f  combust ib le  p a r t i c l e  c louds i n s i d e  flame tubes i s  o f  funda- 
mental s c i e n t i f i c  i n t e r e s t  as w e l l  as a p r a c t i c a l  concern.  On ly  t he  suspended 
concen t ra t i on  i s  impo r t an t  t o  the  combustion process,  so t h a t  assurances must 
be p rov i ded  t h a t  a minimum o f  p a r t i c l e s  a re  adhered t o  t he  tube w a l l .  Th is  
paper demonstrates expe r imen ta l l y  t he  a b i l i t y  t o  min imize adhesion and agglom- 
e r a t i o n  o f  acous t i ca l l y -m ixed  lycopodium p a r t i c l e s  w i t h i n  a 5 cm d iameter  Lexan 
f lame tube. The area d e n s i t y  o f  p a r t i c l e s  (ADP) adhered t o  t he  w a l l  o f  bare 
Lexan tubes was measured a t  g r e a t e r  than 100 par t i c les /mm2.  The na tu re  o f  
adhesion was found t o  be c l e a r l y  e l e c t r o s t a t i c ,  w i t h  t he  ADP l e v e l  aggravated aJ by increased m ix i ng  t ime, v i g o r ,  and t he  c o n c e n t r a t i o n  of p a r t i c l e s .  Increases 
I i n  t he  c o n d u c t i v i t y  o f  t h e  a i r  and t he  tube w a l l  d i d  n o t  a f f e c t  ADP l e v e l s  sub- W 
s t a n t i a l  l y .  However, t he  observed adhesion was reduced t o  l e s s  than  10 p/mm2 
when the  a i r  was i o n i z e d  by use o f  an a lpha  e m i t t e r  mounted on t he  i n n e r  w a l l s  
o f  t he  f lame tube.  
INTRODUCTION 
The s tudy o f  combust ib le  p a r t i c l e  c louds i s  o f  fundamental s c i e n t i f i c  
i n t e r e s t  as w e l l  as a p r a c t i c a l  concern.  Such c louds serve t o  spread f i r e s  i n  
underground m in i ng  ope ra t i ons  as w e l l  as c o n t r i b u t e  t o  t h e  hazard i n v o l v i n g  
g r a i n  b i n  exp los ions .  The s c i e n t i f i c  s tudy  o f  such c louds i s  d iscussed i n  
r e fe rence  1 ,  w i t h  t he  p r ima ry  issues be ing  t h a t  o f  t he  e f f e c t  o f  t h e  concentra- 
t i o n  o f  combust ib le  p a r t i c l e s  i n  a i r  on the  observed f lame speed and o v e r a l l  
c l oud  f l a m m a b i l i t y .  
These same issues  a re  the  sub jec t s  o f  c l a s s i c a l  premixed gas combustion 
s tud ies .  Such s tud ies  no rma l l y  i n v o l v e  a qu iescen t  combust ib le  m i x t u r e  o f  
f u e l ,  oxygen, and n i t r o g e n  conta ined i n  a " f lame tube"  o f  s tandard dimensions 
( 5  cm d iameter  by 100 cm l eng th ) .  The tube i s  s imu l taneous ly  opened and the 
m i x t u r e  i g n i t e d  a t  one end. The f lame then propagates through t he  tube, achiev- 
i n g  a steady f lame speed and shape. The observed speed i s  a f u n c t i o n  o f  the 
f u e l  and o x i d i z e r  concen t ra t i ons .  A s  the  i n i t i a l  f u e l  c o n c e n t r a t i o n  i s  
reduced, a concen t ra t i on  w i l l  be reached which w i l l  no longer  suppor t  f lame 
propagat ion.  Th is  concen t ra t i on  i s  c a l l e d  a f l a m m a b i l i t y  l i m i t .  Such expe r i -  
ments have been conducted p r i m a r i l y  i n  normal g r a v i t y  b u t  a l s o  i n  reduced 
grav i t y  . 
A p a r a l l e l  s tudy o f  premixed s o l i d  p a r t i c l e  c louds i s  d i f f i c u l t  due t o  
g r a v i t a t i o n a l  s e t t l i n g  o f  p a r t i c l e s  which des t roys  t h e  requ i rement  o f  qu ies-  
cence and o f  un i f o rm  fue l  concen t ra t i on .  I n  o r d e r  t o  ach ieve u n i f o r m i t y ,  s t i r -  
r i n g  dev ices o r  p a r t i c l e  feeders  ( r e f .  2 )  have been employed a t  t h e  s a c r i f i c e  
o f  quiescence. A s  an a l t e r n a t i v e ,  a reduced g r a v i t y  exper iment  c a l l e d  the  
P a r t i c l e  Cloud Combustion Experiment (PCCE) was conceived by Be r l ad  which 
emulates the  c h a r a c t e r i s t i c s  of t he  c l a s s i c a l  premixed gas s t u d i e s  ( r e f .  1 ) .  
I t  has been proposed t o  f l y  t he  PCCE on t he  Space S h u t t l e  t o  take  advantage o f  
t h e  reduced g r a v i t y  environment i t  p rov i des .  The r e d u c t i o n  o f  g r a v i t y  m in i -  
mizes p a r t i c l e  s e t t l i n g  w h i l e  m a i n t a i n i n g  the  o t h e r  f ea tu res  o f  t he  c l a s s i c a l  
exper iment .  
The o p e r a t i o n  o f  t h e  PCCE, shown i n  f i g u r e  1 ,  i s  t o  be performed i n  the  
f o l l o w i n g  stages: ( 1 )  f u e l  p a r t i c l e s  a re  mixed i n t o ' c l o u d  f o rm  by acous t i c  
energy f r om an i n l i n e  speaker a t  one end o f  the  tube; (2 )  when t he  concent ra-  
t i o n  o f  p a r t i c l e s  i n  t he  c loud  i s  s u f f i c i e n t l y  un i f o rm  as sensed by f o u r  o p t i -  
c a l  d e t e c t o r s  and v i s u a l  obse rva t i on ,  t he  speaker i s  de-energized and t he  
p a r t i c l e  mot ion a l lowed t o  decay toward quiescence; ( 3 )  an i g n i t e r  i s  energ ized  
which burns through a  membrane a t  one end o f  t he  tube and i g n i t e s  t he  p a r t i c l e  
c loud ;  ( 4 )  the  f lame proceeds down t h e  tube l eng th ,  w i t h  i t s  p o s i t i o n  and shape 
be ing  photographed by h i g h  speed cameras. The des i r ed  exper imenta l  t e s t  condi -  
t i o n s  and requi rements  a re  d i sp l ayed  i n  t a b l e  I .  
A c r i t i c a l  f e a t u r e  o f  the  exper iment  i s  t he  de te rm ina t i on  o f  t he  concen- 
t r a t i o n  o f  t he  suspended p a r t i c l e s .  The o p t i c a l  d e t e c t o r s  sense c o n c e n t r a t i o n  
by use o f  an o p t i c a l  a t t e n u a t i o n  technique ( r e f .  3). The s t r e n g t h  o f  a  c o l l i -  
mated l i g h t  beam i s  measured by a  p h o t o c e l l  and t h e  s i gna l  s t r e n g t h  i s  a  func-  
t i o n  o f  the  number o f  p a r t i c l e s  i n  t h e  beam pa th .  Th is  o f t - used  technique does 
n o t  d i f f e r e n t i a t e  between p a r t i c l e s  which a re  suspended i n  t he  a i r  and p a r t i -  
c l e s  which a re  adhered t o  t he  tube w a l l .  P a r t i c l e s  adhered t o  t h e  tube w a l l s  
do n o t  p a r t i c i p a t e  i n  t h e  combustion process and as such do n o t  a f f e c t  t he  
observed f lame speed. S ince o n l y  t h e  suspended concen t ra t i on  i s  impo r tan t  t o  
t h e  combust ion process and s i nce  t h e  o p t i c a l  d e t e c t o r s  can n o t  separate  t he  
adhered concen t ra t i on  f r om  the  suspended concen t ra t i on ,  assurances must be p ro -  
v i d e d  t h a t  a  minimum o f  p a r t i c l e s  a re  adhered t o  t h e  w a l l .  H i s t o r i c a l l y  com- 
b u s t i o n  exper iments e i t h e r  ignored  t h i s  e f f e c t  o r  assured c l ean  w a l l s  by 
d i r e c t i n g  an a i r  j e t  a t  t he  w a l l  su r faces  i n  t h e  neighborhood o f  t he  d e t e c t o r s  
( r e f .  4) ;  t he  l a t t e r  technique i s  n o t  a p p l i c a b l e  f o r  the  PCCE which r e q u i r e s  
quiescence. 
- A secondary prob lem i s  the  presumed monomeric p a r t i c l e  s i z e  o f  t h e  PCCE. 
The combus t ib le  f u e l  p a r t i c l e s  a re  lycopodium which a re  n o m i n a l l y  2824 pm diam- 
e t e r  spheres ( r e f s .  2  and 5 ) .  I f  i n d i v i d u a l  p a r t i c l e s  become agglomerated, 
a  l onge r  p rehea t  and v a p o r i z a t i o n  t ime  occurs  p r i o r  t o  combustion. The l i g h t  
s c a t t e r i n g  c h a r a c t e r i s t i c  i s  d i f f e r e n t  f o r  l a r g e  and smal l  p a r t i c l e s  as w e l l ,  
making t h e  i n t e r p r e t a t i o n  o f  t he  a t t enua ted  l i g h t  s i gna l  d i f f i c u l t  i f  t h e  
p a r t i c l e  s i z e  i s  v a r i a b l e  and unknown. Therefore,  i t  i s  a l s o  impo r tan t  f o r  
c o r r e c t  unders tanding o f  t he  exper imenta l  combustion r e s u l t s  t h a t  t he  PCCE 
employ a known and t ime-independent s i z e  d i s t r i b u t i o n ,  p r e f e r a b l y  m a i n t a i n i n g  
i t s  o r i g i n a l  monomeric na tu re .  
I t  i s  t he  o b j e c t i v e  o f  t h i s  s tudy  t o  demonstrate e x p e r i m e n t a l l y  t h e  a b i l -  
i t y  t o  m in im ize  p a r t i c l e  adhesion and agglomerat ion o f  acous t i ca l l y -m i xed  
p a r t i c l e s  o f  lycopodium w i t h i n  a  5  cm d iameter  Lexan f lame tube.  The goal  was 
t o  reduce t he  area d e n s i t y  o f  (wal l -adhered)  p a r t i c l e s  (ADP) below 10 p a r t i c l e s 1  
mm2; t h i s  va lue  o f  ADP ensured the  u n c e r t a i n t y  i n  t h e  suspended c o n c e n t r a t i o n  
o f  p a r t i c l e s  would be l e s s  than 5  percen t ,  n e g l e c t i n g  i n s t r u m e n t a t i o n  e r r o r .  
E a r l y  i n  t he  PCCE development t e s t  program, i t  was determined t h a t  t h i s  r e q u i r e -  
ment was n o t  be ing  met s ince  ADP l e v e l s  exceeded a  countab le  va lue ,  s e t  
n o m i n a l l y  a t  100 plmm2. Furthermore, i t  was observed t h a t  adhesion was mu1 t i- 
layered ,  i . e . ,  p a r t i c l e s  adhered n o t  o n l y  t o  t he  w a l l ,  b u t  t o  each o t h e r .  
Ber l ad  and Josh i  p o s t u l a t e d  t h a t  t he  adhesion was e l e c t r o s t a t i c  i n  na tu re  
( r e f .  6 ) .  The p a r t i c l e s ,  a i r ,  and tube w a l l  m a t e r i a l s  were d i e l e c t r i c ;  the  
mot ion  o f  t he  p a r t i c l e s  r e l a t i v e  t o  t h e  a i r  and tube w a l l s  produced t r i b o e l e c -  
t r i c  f o r c e s  which charged t h e  p a r t i c l e s .  They performed an exper imenta l  s tudy 
i n  which va r i ous  conduc t i ve  surface coa t i ngs  were a p p l i e d  t o  a c r y l i c  m a t e r i a l s .  
I t  was hoped t h a t  t h e  a d d i t i o n  o f  a  conduc t i ve  pa th  a long  t he  tube w a l l  would 
reduce ADP l e v e l s  t o  an accep tab le  va lue .  The i r  exper imenta l  technique i s  
shown on f i g u r e  2. P a r t i c l e s  were loaded i n t o  a tube which was c l osed  on bo th  
ends. Though the  amounts o f  lycopodium p a r t i c l e s  were unmeasured i n  these 
t e s t s ,  i t  was approximated l a t e r  t o  be about 500 mg (2250 mg). The t o p  w a l l  
was t h e  t e s t  su r face  which had d i f f e r e n t  su r face  coa t ings  a p p l i e d .  The ' tube 
was shaken by hand f o r  10 t o  60 sec t o  s imu la te  the  m i x i ng  process employed i n  
the  PCCE. The tube was then  tapped g e n t l y  t h ree  t imes;  they  observed t h a t  par -  
t i c l e s  f e l l  f rom the  t o p  su r f ace  as a  r e s u l t  o f  t h i s  tapp ing .  The t e s t  su r face  
was then  removed f r om t h e  tube and examined under a  microscope; t he  ADP l e v e l  
was measured through a g r i dded  r e t i c u l e  o f  t he  microscope a t  s i x  o r  seven loca-  + 
t i o n s  o f  1  mm2 area. F i gu re  3 d i s p l a y s  t h e i r  r e s u l t s .  I n  gene ra l ,  the  ADP 
l e v e l  d iminshed w i t h  inc reased  su r f ace  e l e c t r i c a l  c o n d u c t i v i t y .  They t h e r e f o r e  
recommended t h a t  t he  PCCE Lexan f lame tube be coated s i m i l a r l y  w i t h  conduct ive 
ma te r i  a1 t o  reduce t he  ADP 1 eve1 . 
BASELINE EXPERIMENTS 
Th i s  au thor  performed a s e r i e s  o f  exper iments i n  15 and 25 cm l e n g t h  Lexan 
tubes w i t h  the  tube i n n e r  w a l l s  coated w i t h  conduct ive m a t e r i a l .  The conduc- 
t i v e  m a t e r i a l  was g o l d  which had been vapor depos i ted  on t he  i n n e r  su r face  a t  a  
t h i c kness  on t he  o r d e r  o f  100 t o  400A. The measured r e s i s t a n c e  o f  t h e  coa t i ng  
ranged f r om 5 t o  20 Q pe r  square f o r  d i f f e r e n t  tubes. 
F i gu re  4 d i s p l a y s  t h e  t e s t  s e c t i o n .  Conduct ive endcaps were used t o  con- 
t a i n  t he  powder i n s i d e  t h e  tubes; copper tape o r  s i l v e r e d  p a i n t  were used t o  
connect t h e  gold-coated tube w a l l  t o  t he  endcap, and then t o  ground p o t e n t i a l .  
These endcaps and connectors  p rov i ded  an a d d i t i o n a l  r e s i s t a n c e  t o  ground on the  
o r d e r  o f  1  t o  2  Q. The lycopodium powder, weigh ing between 200 and 500 mg, 
was p laced  on one endcap p r i o r  t o  t he  t e s t .  The tube was then  h e l d  a t  bo th  
endcaps, and shaken v i g o r o u s l y  by hand f o r  5 t o  10 sec (21 sec),  t u rned  180" 
( t o p  t o  bot tom),  and shaken aga in  f o r  5 t o  10 sec. The genera l  tube appearance 
was observed f o r  patches of adhered lycopodium. When a pa tch  was c l e a r l y  v i s -  
i b l e ,  t he  ADP was always g r e a t e r  than  100 p/mm2. I n  t e s t s  where few o r  no 
patches were observed, t h e  tube was examined under a microscope. The ADP was 
measured a t  6 o r  7 spots ,  each o f  area equal t o  6  mm2. Most t e s t s  were per-  
formed i n s i d e  a g love  box ma in ta ined  a t  room temperature and l e s s  than  5 percent  
hum id i t y ;  some t e s t s  were performed a t  room hum id i t y .  I n  some cases t he  tube . 
was h e l d  v e r t i c a l l y ;  i n  o t h e r  cases t he  p a r t i c l e s  were i n i t i a l l y  spread a long 
the  h o r i z o n t a l l y  o r i e n t e d  tube w a l l .  I n  severa l  t e s t s  the  ground p a t h  r e s i s t -  
ance was v a r i e d .  Appendix 1 con ta i ns  a  complete t e s t  d e s c r i p t i o n  and represen- 
t a t i v e  t e s t  r e s u l t s ,  f r om  which t h e  f o l l o w i n g  general  obse rva t i ons  were made: 
( 1 )  ADP l e v e l s  were unacceptab ly  h i g h  rega rd l ess  o f  t he  su r f ace  c o a t i n g  
p r o p e r t i e s ,  l o c a l  hum id i t y ,  o p e r a t o r  hand1 i ng procedures,  o r  t he  e l e c t r i c a l  
r e s i s t a n c e  t o  ground p o t e n t i a l .  
( 2 )  ADP l e v e l s  inc reased  w i t h  m i x i n g  v i g o r ,  m i x i ng  t ime, and t he  concen- 
t r a t i o n  o f  lycopodium p a r t i c l e s .  
(3) The ADP level diminshed somewhat when the tube was again tapped a day 
or two later, suggesting the electrostatic charge dissipated substantially in 
this time frame. 
( 4 )  Multilayered adhesion occurred readily with no apparent limit to the 
number of layers which formed. 
(5) The number of layers increased with increased mixi'ng time and the 
number of lycopodium particles employed. 
In a few tests, the Lexan tube was replaced by a copper tube. Despite 
the copper's high electrical conductivity, the ADP level was uncountably high. 
From this test it was concluded that the addition of a conductive wall could 
not dissipate with sufficient rapidity the electrostatic charge induced on the 
particles by the mixing process. 
Next, tests were performed where the above procedure was followed exactly, 
except the endcaps were aluminized Mylar and the mixing method was acoustic to 
reflect the actual mixing process planned for the PCCE. Figure 5 displays the 
test apparatus. The short 15 cm tubes were used to allow mixing to occur 
throughout the entire tube in normal gravity. The selected frequencies were 
those which produced by visual observation the smallest void spaces in the par- 
ticle cloud. In these tests described in table 11, the speaker was energized 
for various time periods at various power settings. In all cases, patches of 
adhered lycopodium were observed in the tube. In some tests, a solenoid- 
operated tapper was energized at a rate of 1.7 Hz during the mixing process; 
however this simultaneous tapping failed to prevent excessive adhesion. In the 
long duration tests, the particles were observed to agglomerate in suspension 
as well as to adhere to the wall. The agglomerated masses remained so indefi- 
nately. They were then examined under a scanning electron microscope to deter- 
mine if: (1) they had been damaged due to acoustic mixing; and ( 2 )  if they 
appeared interlocked, such that the agglomeration was mechanical. Figure 6 
displays typical SEM results at a magnification of 2000. No structural damage 
to the particles was observed. Contact between particles appeared to be edge- 
to-edge, rather than interlocked, suggesting the particle-particle agglomera- 
tion was not mechanical .l 
A final series of baseline tests were conducted in reduced gravity aboard 
an aircraft flying parabolic trajectories. In one series of tests in a full 
length flame tube, excessive ADP levels were observed (ref. 7 ) .  Also a simple 
test was conducted in which a 1-in. plastic bottle containing lycopodium was 
shaken manually during a trajectory. Particles were observed to agglomerate 
into a ball, and then drift toward the wall of the bottle (Private communica- 
tion with M. Brace of NASA Lewis). These tests verified the problem persisted 
in reduced gravity. 
1 ~ s  further assurance that the parti cl e-wal 1 adhesion was not mechanical 
in nature, a tube cleaning procedure development program had been instituted 
previously. See Appendix 1. 
METHODS TO REDUCE ADHESION 
Some methods a v a i l a b l e  t o  reduce e l e c t r o s t a t i c  adhesion and agglomerat ion 
a re  descr ibed  by Loeb ( r e f .  8 )  and i nc l ude :  ( a )  inc rease  t h e  c o n d u c t i v i t y  o f  
t he  d i e l e c t r i c  m a t e r i a l s ,  i . e . ,  i n  p r a c t i c a l  terms inc rease  t h e  h u m i d i t y  o f  the  
a i r  and t he  tube surface c o n d u c t i v i t y ;  and (b )  i o n i z e  t he  a i r  by  (1 )  corona 
d ischarge  f rom h i g h  v o l t a g e  w i r e s ;  ( 2 )  a lpha,  be ta ,  o r  gamma emiss ion f rom 
r a d i o a c t i v e  m a t e r i a l s ;  and (3) u l t r a v i o l e t  sources. .The i o n i z e d  a i r  serves t o  
n e u t r a l i z e  the  surface charge b u i l t  up on t h e  p a r t i c l e s  by t r i b o e l e c t r i c  
f o r c e s .  
The t e s t s  descr ibed  above revea led  t h a t  method (a )  a lone  was i n s u f f f i c i e n t  
t o  reduce ADP l e v e l s  t o  an accep tab le  va l ue .  Furthermore, inc reased  hum id i t y  
would tamper w i t h  t h e  PCCE combust ion m o d e l l i n g  e f f o r t .  Most o f  t he  o t h e r  
methods appeared t o  be i n a p p l i c a b l e  t o  t h e  PCCE. A corona d ischarge  migh t  
i g n i t e  the p a r t i c l e s  a t  an unwanted t ime  and a l s o  would serve o n l y  t o  reduce 
adhesion i n  the  neighborhood o f  t he  d ischarge ,  i . e . ,  w i t h i n  an i n c h  o r  so o f  
the  d ischarge l o c a t i o n .  Beta and gamma e m i t t e r s  p resen t  a  conta inment  and 
s h i e l d i n g  hazard. U l t r a v i o l e t  sources r e q u i r e  an e l e c t r i c a l  power and phys i ca l  
volume which impinged on t he  l i m i t e d  a v a i l a b l e  resources a l l o t t e d  t o  t he  PCCE. 
Ins tead ,  an a l pha  e m i t t e r ,  polonium-210, was se lec ted  as t he  most f e a s i b l e  
technique due t o  t he  f o l l o w i n g  fea tu res :  ( 1 )  i t  i s  a  h i g h  energy e m i t t e r  
(5 .3  keV) which i s  v i r t u a l l y  absorbed w i t h i n  0.001 i n .  o f  go l d ,  and would n o t  
pene t ra te  the  Lexan tube;  ( 2 )  i t  has a  range s l i g h t l y  more than  1  i n .  i n  a i r ,  
and thus i f  mounted a t  a p p r o p r i a t e  p o s i t i o n s  i n s i d e  t he  Lexan tube cou ld  reach 
a l l  adhered p a r t i c l e s ;  (3 )  i t  i s  a  pass ive  system r e q u i r i n g  no e l e c t r i c a l  
power and no a d d i t i o n a l  p h y s i c a l  volume o u t s i d e  t he  f lame tube; ( 4 )  i t  i s  a v a i l -  
a b l e  commerc ia l ly ;  and (5) i t  has been used w i d e l y  i n  i n d u s t r i a l  s e t t i n g s ,  such 
as paper m i  11s and pho tograph ic  f i l m  p rocess ing  p l a n t s ,  i n  o r d e r  t o  reduce 
e l e c t r o s t a t i c  adhesion and a c c i d e n t i a l  corona d ischarge .  
Polonium-210 i s  s o l d  commer ica l l y  i n  a  "sea led  source" f o rm  as shown on 
f i g u r e  7 .  An unders tand ing  o f  t he  manufac tu r ing  process i n v o l v e d  i n  the  corn- 
me r i ca l  p roduc t  i s  h e l p f u l  t o  unders tand t he  p o t e n t i a l  hazard o f  u s i n g  an a lpha  
e m i t t e r  ( t h e  use o f  any a l pha  e m i t t e r  demands e x t r a  s a f e t y  p recau t i ons ;  these 
a re  descr ibed  l a t e r  i n  t h e  paper ) .  Polonium-210 i s  bonded i n t o  t he  f i s s u r e s  o f  
a  ceramic microsphere (approx imate s i z e  o f  60 pm). Severa l  microspheres a re  
s t i r r e d  i n  an adhesive s o l u t i o n ;  t he  s o l u t i o n  i s  then sprayed o n t o  aluminum 
s t r i p s .  A t h i n  epoxy c o a t i n g ( s 1  i s  then  a p p l i e d  over  t he  e n t i r e  s t r i p  t o  pro- 
v i d e  e x t r a  assurance t h a t  t he  microspheres w i l l  remain a t t ached  t o  t he  a lumi-  
num. When so ld  i n  "sea led  source" form, t he  s t r i p s  a re  mounted t o  an aluminum 
hous ing and a  w i r e  screen p laced  ove r  t he  s t r i p  t o  p reven t  d i r e c t  con tac t .  The 
number o f  a t tached  microspheres and epoxy o v e r l a y s  va r y  depending on the  
d e s i r e d  source s t r e n g t h  o f  t he  s t r i p .  Table I11 d i s p l a y s  t he  dimension and 
s t r eng ths  o f  s tandard p roduc t s .  
EXPERIMENTS TO REDUCE ADHESION 
The f i r s t  s e t  o f  exper iments ,  l i s t e d  i n  t a b l e  IV ,  was designed t o  de te r -  
mine q u a l i t a t i v e l y  i f  p r e v i o u s l y  adhered p a r t i c l e s  cou ld  be removed more r e a d i l y  
f r om  the  tube w a l l  by  exposure t o  t he  a lpha  e m i t t e r .  I n  these t e s t s ,  p a r t i c l e s  
were mixed i n  a  6 - in .  go ld-coated tube v i a  t h e  a c o u s t i c  method descr ibed  above 
f o r  a  p e r i o d  o f  10 t o  60 sec. The t o p  endcap was t h e n  removed, and a  "sea led  
source" was i n s e r t e d  i n t o  t h e  tube .  P o r t i o n s  of  t h e  tube  w a l l  were obscured 
f r o m  t h e  a l p h a  e m i t t e r .  A l s o  i t s  d i s t a n c e  f r o m  t h e  tube  w a l l  was v a r i e d .  The 
t i m e  o f  exposure o f  t h e  source t o  t h e  tube  w a l l  was v a r i e d  f r o m  seconds t o  sev- 
e r a l  m inu tes .  I n  most t e s t s ,  a  15 cm l o n g  s t r i p  was i n s e r t e d  w i t h  a  nominal  
source s t r e n g t h  o f  2  p C i I 2 . 5  cm; i n  some cases, a  c i r c u l a r  s p o t  source t h r e e  
t imes  s t r o n g e r  was employed. A f t e r  removal o f  t h e  source s t r i p ,  t h e  tube  was 
tapped t h r e e  t imes .  The o b s e r v a t i o n s  f r o m  these t e s t s  were: 
(1 )  Patches o f  h e a v i l y  adhered lycopodium were removed c o m p l e t e l y  ( r e n -  
dered i n v i s i b l e  t o  t h e  naked eye) a f t e r  exposure t o  t h e  source;  these  same 
patches c o u l d  n o t  be removed by t a p p i n g  a lone .  
( 2 )  The adhered lycopodium beh ind  t h e  source was u n a f f e c t e d  by t h e  source,  
i . e . ,  t h e r e  was a  d e f i n i t e  v iew f a c t o r  a t t r i b u t a b l e  to  t h e  source;  i n  one t e s t ,  
t h e  c i r c u l a r  s p o t  source removed a  c i r c u l a r  p a t c h  o f  wa l l -adhered lycopodium.  
(3) Mu1 t i  l a y e r e d  adhes ion c o u l d  be removed, b u t  o n l y  a f t e r  r e p e a t e d  c y c l e s  
o f  exposure t o  t h e  source,  and t a p p i n g  o f  t h e  tube  w a l l s .  
( 4 )  Adhered p a r t i c l e s  were removed more e a s i l y  when t h e  source was l o c a t e d  
c l o s e  t o  t h e  tube w a l l  and /o r  when t h e  exposure t i m e  was inc reased .  
(5) Tapping was r e q u i r e d  t o  remove t h e  p a r t i c l e s  f r o m  t h e  tube  w a l l ;  t h e  
sources se rved  t o  reduce t h e  f o r c e  w i t h  which t h e  p a r t i c l e s  were adhered,  b u t  
d i d  n o t  a c t u a l l y  remove t h e  p a r t i c l e s  f r o m  t h e  w a l l .  
As a  r e s u l t  o f  these t e s t s ,  a  second s e t  o f  exper iments  was pe r fo rmed  t o  
de te rm ine  i f  adhes ion c o u l d  be p reven ted  c o m p l e t e l y .  I n  these t e s t s ,  source 
s t r i p s  were removed f r o m  t h e i r  aluminum hous ing,  and epox ied  to  t h e  i n n e r  w a l l s  
o f  t h e  t u b e ,  as shown i n  f i g u r e  8.2 The s t r i p s  were mounted a l o n g  t h e  f u l l  
a x i a l  l e n g t h  o f  15 cm Lexan tubes,  and l o c a t e d  a t  90" i n t e r v a l s  around t h e  i n n e r  
c i r c u m f e r a n c e  o f  t h e  tube .  I n  t h i s  way, v i r t u a l l y  t h e  e n t i r e  t u b e  s u r f a c e  was 
exposed t o  t h e  sources.  Near t h e  tube bot tom,  where a c o u s t i c  m i x i n g  was 
observed p r e v i o u s l y  t o  be most v i g o r o u s ,  e x t r a  s t r i p  segments were added. The 
so leno id -opera ted  t a p p e r  was employed t o  p r o v i d e  a  r e p r o d u c i b l e  impac t  on t h e  
tube w a l l .  I t  was o p e r a t e d  i n  p a r a l l e l  w i t h  t h e  speaker used f o r  m i x i n g ,  tap-  
p i n g  a t  a  r a t e  o f  about  1.7 Hz th roughou t  t h e  t i m e  p e r i o d  t h e  speaker was ener-  
g i z e d ,  e x c e p t  as no ted  on t a b l e  V. A f t e r  each t e s t ,  t h e  tube  was disassembled,  
and t h e  end p i e c e s  r e p l a c e d  w i t h  a v i n y l  t ape  cover .  The tube  was t h e n  hand 
c a r r i e d  t o  a  nearby l a b  t a b l e  where ADP measurements a t  12 tube  l o c a t i o n s  were 
reco rded ;  t h e  measurement l o c a t i o n s  a r e  shown s c h e m a t i c a l l y  on f i g u r e  9  and 
were t h e  same i n  each t e s t .  Photographs were taken  th rough  t h e  microscope 
o b j e c t i v e  a t  a  x70 m a g n i f i c a t i o n ;  t h e  photographed a r e a  was abou t  12 mm2. The 
p a r t i c l e s  w i t h i n  t h e  photographed areas were l a t e r  counted,  and an average ADP 
l e v e l  r e c o r d e d  (as  shown i n  t a b l e  V ) .  
P a r a m e t r i c  t e s t s  were per formed t o  de te rm ine  t h e  e f f e c t s  o f :  ( 1 )  source 
s t r e n g t h ;  ( 2 )  m i x i n g  t ime ;  ( 2 )  i n n e r  w a l l  c o n d u c t i v i t y ;  and (4 )  number o f  
2 ~ u e  t o  t h e  p o t e n t i a l  hazard and 1  i c e n s i  ng requ i rements ,  these  t e s t s  were 
pe r fo rmed  a t  t h e  source s t r i p  m a n u f a c t u r e r ' s  p r o d u c t i o n  f a c i l i t y  and w i t h  
a s s i s t a n c e  f r o m  t h e i r  t r a i n e d  pe rsonne l .  
p a r t i c l e s  employed. I n  o r d e r  t o  determine i f  an improved i n n e r  w a l l  conduc t i v -  
i t y  augmented the  a b i l i t y  o f  the  sources, t e s t s  were conducted i n  bare Lexan 
tubes and ones which i n c l u d e d  a  vapor-deposi ted g o l d  coa t i ng .  I n  o r d e r  t o  
ensure an accura te  es t ima te  o f  t he  source s t r eng th ,  source s t r i p s  manufactured 
one week be fo re  t he  t e s t  p e r i o d  were employed. I t  should  be noted t h a t  these 
t e s t s  were performed i n  room h u m i d i t y  under a  fume hood. The sa fe ty  precau- 
t i o n s  which were f o l l o w e d  a re  descr ibed  i n  the  nex t  s e c t i o n  o f  t he  paper.  
Table V summarizes t he  t e s t  v a r i a b l e s  and r e s u l t s .  F i gu re  10 d i s p l a y s  a  
comparison o f  bare Lexan tubes w i t h  and w i t h o u t  sources. The amount o f  lycopo- 
dium adhered t o  the  w a l l  i n  t he  tube w i t h o u t  sources o r  t app ing  was s u f f i c i e n t  
t o  render  the  w a l l  opaque t o  the naked eye. When the sources a re  employed, t he  
v i s i b i l i t y  th rough  the  tube w a l l s  remained unchanged be fo re  o r  a f t e r  m ix ing .  
F i g u r e  11 shows t y p i c a l  pho tograph ic  r eco rds  o f  t h e  ADP l e v e l s  a t  a  few s i t e s .  
I n  genera l  t he  f o l l o w i n g  obse rva t i ons  a re  made: 
( 1 )  S t r i p s  w i t h  source s t r eng ths  o f  0.1 pCi/crn o r  g r e a t e r  ma in ta ined  ADP 
l e v e l s  t o  l ess  than 10 par t i c les /mm2 on average w i t h  m i x i n g  t imes o f  180 sec 
and a  t o t a l  powder l o a d i n g  of  250 mg. Adhesion l e v e l s  were wors t  i n  t he  lower  
s e c t i o n  o f  t he  tubes. 
( 2 )  The i n c l u s i o n  o r  e x c l u s i o n  o f  a  g o l d  c o a t i n g  had no d i s c e r n i b l e  e f f e c t  
on the  ADP l e v e l .  
(3) Heavy adhesion was observed i n  t he  lowes t  p o r t i o n  o f  t he  tube w i t h  a  
cont inuous m i x i n g  t ime  o f  300 sec and 500 mg o f  lycopodium powder. 
( 4 )  ADP l e v e l s  were accep tab le  w i t h  500 mg powder and the  m ix i ng  sequence 
opera ted  as f o l l o w s :  90 sec m i x i ng  and tapp ing ;  10 sec o f  tapp ing ;  90 more 
seconds o f  m i x i n g  and tapp ing ,  and 3  sec o f  tapp ing .  
( 5 )  A 60 sec t e s t  w i t h o u t  tapp ing  produced patches o f  heavy adhesion i n  
t he  bot tom p o r t i o n  o f  t he  tube.  Three taps  f o l l o w i n g  t h e  t e s t  removed most o f  
t he  v i s i b l e  powder i n  these patches. 
One problem t h a t  occu r red  d u r i n g  t e s t i n g  was t h a t  smal l  amounts o f  lycopo- 
dium became lodged under t he  aluminum s t r i p s ,  as shown on f i g u r e  12. The g l u -  
i n g  o f  the  s t r i p s  t o  t he  tube w a l l  was impe r fec t ,  thus a l l o w i n g  t he  lycopodium 
access under the  s t r i p s .  The problem can be e l i m i n a t e d  i n  f u t u r e  t e s t s  w i t h  an 
improved f a b r i c a t i o n  procedure d iscussed l a t e r  i n  the  paper.  
A f i n a l  s e r i e s  o f  t e s t s  determined t h a t  weaker s t r i p s  would s t i l l  be e f -  
f e c t i v e ,  even i n  lower  hum id i t y .  Table V I  d i s p l a y s  t he  t e s t  c o n d i t i o n s  and 
r e s u l t s  done i n  a  g love  box ma in ta ined  a t  5 t o  20 pe rcen t  r e l a t i v e  hum id i t y .  
When the  a lpha  e m i t t e r s  viewed l e s s  than  100 percen t  o f  t he  tube area, patches 
o f  adhesion were observed away f r om t h e  e m i t t e r s .  Also,  when m i x i n g  was done 
w i t h o u t  s imultaneous t app ing  some excess ive adhesion occur red .  Th is  adhesion 
was removed by t app ing  a f t e r  t he  m i x i n g  was over .  When bo th  m i x i ng  and t app ing  
were s imultaneous, the  ADP l e v e l s  were accep tab le  (i .e., < I 0  p/rnm2>. The 
source s t r i p s  i n  the  f i n a l  s e r i e s  o f  t e s t s  were used 6 t o  8 weeks a f t e r  t h e i r  
manufacture,  and thus  had a  c a l c u l a t e d  source s t r e n g t h  o f  about 0.08 pCi/cm/ 
s t r i p ,  weaker than  those p r e v i o u s l y  used. 
SAFETY PRECAUTIONS AND HAZARD ASSESSMENT 
The t e s t i n g  room a t  t he  manufac tu r ing  f a c i l i t y  was d i v i d e d  i n t o  t h r e e  
zones, r ep resen t i ng  l i k e l y  l e v e l s  o f  hazard;  each zone was o u t f i t t e d  w i t h  a lpha  
mon i to rs .  I n  t he  zone i n  which t he  r e p o r t e d  t e s t i n g  took  p l ace ,  personnel  wore 
goggles as w e l l  as p l a s t i c  l a b  coa ts ,  g lobes,  and shoe covers.  A l l  t e s t s  i n  
t h i s  zone were conducted i n s i d e  a fume hood w i t h  a  f a c e  v e l o c i t y  o f  300 cmlmin. 
When personnel  l e f t  the  most hazardous zone, t hey  moni t o r e d  themselves f o r  con- 
t a i m i n a t i o n ,  f i r s t  w i t h  and then w i t h o u t  the  p l a s t i c  c l o t h i n g .  
A t  each subsequent zone, they  mon i to red  themselves aga in .  I n  no cases 
were personnel '  found t o  be contaminated above background 1 eve1 s. On r e t u r n i n g ,  
the process was reversed,  w i t h  new p l a s t i c  c l o t h i n g  be ing  employed each t ime.  
A t  the  end o f  each m ix i ng  t e s t ,  t he  tube assembly was d ismant led  and t he  
lycopodium p a r t i c l e s  a long  w i t h  each component were measured f o r  con tamina t ion  
by a  c a l i b r a t e d  a lpha  mon i t o r .  I ns t r umen t  e r r o r  was es t imated  a t  2 5  pe rcen t .  
The measurements were taken by a  t r a i n e d  r a d i a t i o n  sa fe ty  t e c h n i c i a n  a t  t he  
manufac tu r ing  f a c i  1 i t y .  
As noted on t a b l e  V, the  f i r s t  t e s t  i n v o l v e d  t he  s t r onges t  sources, each 
s t r i p  be ing  r a t e d  a t  2.4 pCi1cm. Th i s  s t r e n g t h  i s  accompl ished by  i n c r e a s i n g  
the  microsphere d e n s i t y  and o m i t t i n g  t h e  epoxy o v e r l a y s  f r om  the  manufac tu r ing  
process descr ibed  e a r l i e r .  Contaminat ion l e v e l s  i n  t he  p a r t i c l e s  and on t he  
end p ieces  were i n  t he  range o f  5000 t o  10 000 coun ts lm in .  Th i s  l e v e l  i s  con- 
s i de red  q u i t e  hazardous, and a1 1 f u t u r e  t e s t s  w i t h  t h i s  t ype  o f  source s t r i p  
were cance l led .  The end p ieces were scrubbed and r e t e s t e d  by t he  r a d i a t i o n  
s a f e t y  t e c h n i c i a n  u n t i l  no t r a c e  o f  con tamina t ion  cou ld  be measured. These 
p ieces  were then reused i n  subsequent t e s t s .  
Subsequent t e s t s  used s t r i p s  w i t h  two d i f f e r e n t  source s t r e n g t h s ;  
0.8 pCi12.54 crn and 0.1 pC i l 2 . 54  cm. I n  t he  one t e s t  w i t h  t he  0.8 pC i l 2 . 54  cm, 
con tamina t ion  l e v e l s  were measured i n  t h e  range o f  5000 coun ts lm in .  Fu tu re  
use o f  these s t r i p s  was aga in  cance l l ed .  
The r e s u l t s  w i t h  t he  weaker s t r i p s  were markedly  d i f f e r e n t .  Up t o  a  t o t a l  
m i x i ng  t ime o f  300 sec i n  a  s e r i e s  o f  t e s t s  i n v o l v i n g  250 mg o f  lycopodium, the  
m i x i ng  i n  tubes c o n t a i n i n g  t he  weaker s t r i p s  produced no measurable counts i n  
the  components o r  t h e  powder. A f t e r  an a d d i t i o n a l  t e s t  w i t h  one tube m i x i n g  
500 mg o f  lycopodium f o r  300 sec, con tamina t ion  l e v e l s  were measured i n  t he  
range o f  500 t o  1000 coun ts lm in .  As a r e s u l t  o f  these t e s t s ,  i t  was concluded 
t h a t  t he  tube components remained f r e e  o f  con tamina t ion  f o r  a t  l e a s t  300 sec 
b u t  l ess  than 600 sec o f  m i x i n g  t ime.  
I t  should be noted t h a t  i n  one base l i ne  t e s t  i n v o l v i n g  a tube w i t h o u t  
sources, a  my la r  diaphragm f a t i g u e d  and t o r e  f r om  the  a c o u s t i c  c y c l i n g .  I t  was 
f o r t u i t o u s  t h a t  t h i s  t e s t  i n v o l v e d  a tube w i t h  no source s t r i p s .  I f  the  f a i l -  
u re  had occur red  i n  a  t e s t  when source m a t e r i a l  had become d i s l odged  f r om the  
s t r i p ,  some microspheres may have become a i r b o r n e  and p o s s i b l y  been i nha led .  
Th is  p o t e n t i a l  problem was min imized by pe r f o rm ing  t he  t e s t s  under a  fume hood. 
A f t e r  a l l  t e s t s  i n  t a b l e  V were completed, s tandard "wipe"  t e s t s  were per-  
formed on the i n n e r  w a l l s  o f  the  tubes.  Smear measurements were taken a t  f o u r  
w a l l  l o c a t i o n s  i n  a  s p i r a l  down t h e  tube and a t  t h r e e  l o c a t i o n s  on the  source 
s t r i p s  themselves.  Tab le  V I I  d i s p l a y s  t h e  r e s u l t s  o f  these t e s t s .  I n  each 
case, t h e  l o w e s t  p o r t i o n  o f  t h e  tube  y i e l d e d  t h e  h i g h e s t  l e v e l  o f  contamina- 
t i o n .  I t  i s  i n  t h i s  r e g i o n  t h a t  t h e  m i x i n g  was observed t o  be most v i g o r o u s .  
As expected,  t h e  c o n t a m i n a t i o n  l e v e l s  f o r  t h e  most p o w e r f u l  sources were t h e  
l a r g e s t .  The c o n t a m i n a t i o n  i n  t h e  tubes c o n t a i n i n g  t h e  weaker sources reached 
t h e i r  l e v e l s  because t h e  tubes i n  genera l  were used u n t i l  t h e y  f a i l e d  due t o  
"con tamina t ion , "  d e f i n e d  as an a l p h a  coun t  above background l e v e l s  measured i n  
any t e s t  component. 
A p o t e n t i a l  hazard  c a l c u l a t i o n  may be a t tempted  based on t h e  above mea- 
surements. ~ h z  Nuc lea r  R e g u l a t o r y  Commi s s i o n  uses a s tandard  based on Maximum 
P e r m i s s i b l e  C o n c e n t r a t i o n  (MPC) ( d e f i n e d  as 1 MPC = 2 - l o  pCi  I c c )  and a s tand-  6 a r d  human b r e a t h i n g  r a t e  o f  1.2 c c / h r .  For  a pe rson  t o  i n h a l e  1 MPC i n  1 h r ,  
he would i n h a l e  2.4-4 pCi i n  t h a t  hour .  The NRC r e q u i r e s  a c t i o n  i f  a pe rson  
i s  exposed t o  an env i ronment  where he would r e c e i v e  an exposure o f  40 MPC-hr i n  
any one-quar te r  y e a r .  The NRC r e q u i r e s  t h e  s u b m i t t a l  o f  a r e p o r t  i f  a pe rson  
i s  exposed t o  an env i ronment  o f  520 MPC-hr i n  any one-quar te r  y e a r .  From t h e  
above, i t  may be seen t h a t  i f  a pe rson  i n h a l e s  40 t i m e s  2.4-4 or 9.6-3 pCi i n  
any q u a r t e r - y e a r ,  a c t i o n  i s  r e q u i r e d .  
The r e s u l t s  o f  t h e  wipe t e s t s  can be used t o  compare w i t h  t h i s  r e q u i r e -  
ment. The wipe t e s t s  covered o n l y  -20 p e r c e n t  o f  t h e  t o t a l  sur face a rea .  Fur-  
thermore,  a 24 p e r c e n t  c o l l e c t i o n  e f f i c i e n c y  shou ld  be ass igned  t o  t h e  measured 
va lues  (Persona l  communicat ion w i t h  R. Schweiss o f  t h e  3M Corp. S t a t i c  C o n t r o l  
C e n t e r ) .  Assuming an average c o n t a m i n a t i o n  r e a d i n g  o f  100 c o u n t s l m i n  (cpm), 
t h e  t o t a l  amount o f  escaped Po-210 m a t e r i a l  wh ich m i g h t  be i n h a l e d  i s  f o u n d  t o  
be 9.5-4 pCi , from: 
100 cpm x (110.24 e f f )  x  ( 1  p ~ i 1 2 . 2 6  cpm) x (110.20 a r e a )  
Thus i f  a l l  t h e  m a t e r i a l  wh ich  escaped f r o m  t h e  s t r i p s  a f t e r  t e s t i n g  
became a i r b o r n e  and were i n h a l e d  b y  a s i n g l e  person,  h i s  exposure as a r e s u l t  
o f  t h e  t e s t i n g  would be about  an o r d e r  o f  magni tude l e s s  t h a n  t h a t  r e q u i r i n g  
NRC a c t i o n .  T h i s  c a l c u l a t i o n  i s  n o t  c o n s e r v a t i v e  i n  t h e  sense t h a t  i t  r e f l e c t s  
t h e  r e s u l t s  o f  t e s t i n g  i n  one tube ,  and an o p e r a t o r  m i g h t  be exposed t o  severa l  
tubes.  I t  i s  however v e r y  c o n s e r v a t i v e  i n  t h e  sense t h a t  i t  i s  h i g h l y  u n l i k e l y  
t h a t  a l l  t h e  m a t e r i a l  escap ing  f r o m  t h e  s t r i p s  would f i r s t  become a i r b o r n e ,  
then  i n h a l e d  e n t i r e l y  by  a s i n g l e  o p e r a t o r .  Fu r the rmore ,  c o n t a m i n a t i o n  read-  
i n g s  o f  t h i s  l e v e l  were taken  a f t e r  a number o f  t e s t s  w i t h  an i n d i v i d u a l  t u b e .  
I n  f a c t  tubes were used u n t i l  t h e y  e x h i b i t e d  c o n t a m i n a t i o n ,  i . e . ,  t h e y  were 
e f f e c t i v e l y  f a i l u r e  t e s t e d .  T h i s  l e v e l  o f  escaped m a t e r i a l  was n o t  n o r m a l l y  
measured a f t e r  a s i n g l e  t e s t .  
DISCUSSION OF RESULTS 
As p o s t u l a t e d  by  B e r l a d  e t  a l .  ( r e f .  11, t h e  adhes ion  observed  i n  t he  PCCE 
t e s t s  i s  undoub tab ly  e l e c t r o s t a t i c  i n  o r i g i n ,  and n o t  mechan ica l ,  s i n c e :  ( 1 )  
ADP l e v e l s  d i f f e r e d  g r e a t l y  i n  s i m i l a r l y  c leaned  tubes whose o n l y  known d i f f e r -  
ence was t h e  i n c l u s i o n  o r  e x c l u s i o n  o f  t h e  source s t r i p s ;  ( 2 )  t h e  scann ing  
e l e c t r o n  microscope p i c t u r e s  r e v e a l e d  o n l y  edge-to-edge c o n t a c t ;  and (3 )  
mechanical  adhes ion due t o  o i  1 d e p o s i t e d  on t h e  w a l l  c o u l d  n o t  accoun t  f o r  t h e  
observed m u l t i l a y e r e d  adhes ion.  However, i n  c o n t r a d i c t i o n  t o  t h e  p o s t u l a t e  i n  
( r e f .  1 )  r e g a r d i n g  " s a t u r a t e d "  w a l l s ,  t h e r e  was no apparen t  l i m i t  t o  t h e  
number o f  l a y e r s  o f  adhered l ycopod ium which c o u l d  deve lop  i n  t h e  absence o f  
a l p h a  sources.  
The observa t ions  f r om the  base l i ne  exper iments  a re  c o n s i s t e n t  w i t h  e x i s t -  
i n g  l i t e r a t u r e  s t u d i e s  o f  coa l  dus t  t r a v e l l i n g  th rough  i r o n  p ipes  and corn  
f l o u r  r ubb ing  a g a i n s t  brass p l a t e s  ( r e f .  8 ) .  I n  f a c t ,  Loeb s t a t e s  "The r e a l  
problems occur ,  where, w h i l e  one s i d e  o f  the  charge gene ra t i ng  system may be 
metal  and grounded t h e  o t h e r  p a r t  o f  t he  system i s  a  p l a s t i c ,  a  f a b r i c ,  o r  a  
nonconductor o f  some s o r t .  Th is  can l ead  t o  . . undes i r ab le  adhesion..  (and) . .  
accumulat ion o f  dus ts  by e l e c t r o s t a t i c  a c t i o n . "  
The f o l l o w i n g  v a r i a b l e s  were seen t o  aggravate adhesion: m i x i n g  t ime,  
m i x i ng  v i g o r ,  and t h e  number o f  lycopodium p a r t i c l e s .  Th i s  obse rva t i on  may be 
gene ra l i zed  t o  s t a t e  t h a t  adhesion i s  aggravated w i t h  t he  number, f requency,  
and f o r c e  o f  p a r t i c l e - p a r t i c l e  and p a r t i c l e - w a l l  c o l l i s i o n s .  
These r e s u l t s  c o n f i r m  t h a t  the  adhesion and agg lomera t ion  l e v e l s  a re  gov- 
erned by a  r a t e  process.  Be r l ad  e t  a l .  ( r e f .  4) env i s i oned  a  s imple k i n e t i c  
scheme i n v o l v i n g  agglomerat ion and deagglomerat ion processes. I n  the  absence 
o f  a  mechanism t o  n e u t r a l i z e  t he  charged p a r t i c l e s ,  c l u s t e r s  o f  po l ymer i c  par-  
t i c l e s  w i l l  form. However when t he  source s t r i p s  p rov i ded  t h i s  mechanism a t  a  
s u f f i c i e n t  magnitude and r a t e ,  t he  p a r t i c l e s  remained monomeric. The photo- 
graphs o f  adhered lycopodium d i sp l ayed  monomeric p a r t i c l e s ,  so t he  s t r i p s  were 
a  s u f f i c i e n t  source t o  overcome t h e  agg lomera t ion  due t o  p a r t i c l e  c o l l i s i o n s .  
I t  should  be no ted  t h a t  the  c o n c e n t r a t i o n  o f  p a r t i c l e s  i n  t he  tubes was 
se lec ted  t o  be excess ive by 5  t o  10 t imes t h a t  expected t o  be used i n  t h e  PCCE, 
thus r e p r e s e n t i n g  a  severe t e s t  o f  t he  technique.  For t h e  even tua l  a p p l i c a t i o n  
t o  t h e  PCCE, t he  number and f requency o f  c o l l i s i o n s  can and should  be m i n i -  
mized. Th i s  may be accompl ished by p o s i t i o n i n g  t he  lycopodium p a r t i c l e s  p r i o r  
t o  m i x i n g  as r emo te l y  f r om  each o t h e r  as p o s s i b l e ,  and by  r educ ing  t h e  t ime 
d u r i n g  which the  speaker i s  energ ized  t o  a  minimum. 
There a re  severa l  o t h e r  i m p l i c a t i o n s  o f  these r e s u l t s  f o r  t he  PCCE. The 
exac t  PCCE m ix i ng  o p e r a t i o n  i n  reduced g r a v i t y  i s  undetermined c u r r e n t l y ,  b u t  
m igh t  r e q u i r e  the  speaker t o  c y c l e  on and o f f  t o  ach ieve a  u n i f o r m  c loud .  Dur- 
i n g  t he  o f f  c yc l es  t he  source s t r i p s  w i l l  c on t i nue  t o  i o n i z e  a i r  and tapper  
should  con t inue  t o  ope ra te  and min im ize  w a l l  adhesion and agglomerat ion.  A lso ,  
i f  t he  PCCE i s  f l own  on t he  S h u t t l e ,  t he  l a s t  access t o  t h e  exper imenta l  hard- 
ware i s  u s u a l l y  60 t o  120 days p r i o r  t o  f l i g h t .  The polonium-210 has a  h a l f -  
l i f e  o f  138 days. The exper iment  then  must be cons t ruc ted  i n i t i a l l y  w i t h  an 
amount o f  Po-210 which w i l l  r e t a i n  s u f f i c i e n t  s t r e n g t h  a t  t h e  t ime  o f  t he  
a c t u a l  exper iment.  The exper iments  descr ibed  above suggest a  source s t r e n g t h  
o f  0.08 pC i l 2 . 54  c m l s t r i p  i s  s a t i s f a c t o r y  i f  t h e  m i x i n g  t ime  i s  ma in ta ined  a t  
60 sec o r  l ess .  The s t r i p s  can be bought commer ica l ly  w i t h  a  s t r e n g t h  o f  
0.2 pCi12.54 c m l s t r i p ,  w h i l e  m a i n t a i n i n g  t he  epoxy o v e r l a y s  f o r  s a f e t y .  The 
c a l c u l a t e d  s h e l f  l i f e  ( i . e . ,  t he  t ime  between l a s t  access and t he  conduct o f  
t he  exper iment)  i s  then  on t he  o r d e r  o f  200 t o  250 days. Whi le  i n  s torage,  t h e  
s t r i p s  w i l l  be p roduc ing  he l i um  i n s i d e  t h e  f lame tube. Assuming a  25 cm l e n g t h  
f lame tube, about 36 pCi o f  Po-210 would be used d u r i n g  t h e  exper iment .  I f  the  
s to rage  t ime i s  p i cked  as 138 days ( f o r  convenience i n  t h i s  c a l c u l a t i o n ) ,  then 
72 pCi a re  needed i n i t i a l l y  t o  be loaded i n  t h e  tube.  Du r i ng  t h i s  138 day w a i t -  
i n g  pe r i od ,  i t  i s  c a l c u l a t e d  t h a t  about  15-8 g  o f  he1 ium w i  11 be produced, 
e q u i v a l e n t  t o  a  p a r t i a l  p ressure  o f  6.04-7 atm and shou ld  have no e f f e c t  on 
t he  observed combustion r e s u l t s  (see Appendix 2  f o r  c a l c u l a t i o n ) .  
The reason t he  source m a t e r i a l  escapes t h e  s t r i p s  i s  p o s t u l a t e d  as be ing  
caused by the  lycopodium p a r t i c l e s  sc rubb ing  and e rod ing  t he  epoxy o v e r l a y  dur-  
i n g  m ix ing ,  analogous t o  "sand b l a s t i n g . "  Th i s  process i s  such t h a t  n o t  o n l y  
the  epoxy may be eroded, b u t  i n d i v i d u a l  microspheres a l s o  may be d i s l odged  o r  
f r a c t u r e d .  The microsphere c o n s t r u c t i o n  i s  designed such t h a t  i f  i t  remains 
i n t e g r a l ,  polonium-210 r e t a i n e d  i n  i t s  f i s s u r e s  w i l l  s e t t l e  r a p i d l y  i n  normal 
g r a v i t y .  A l s o  i f  ingested,  t h e  Po-210 l e a c h i b i l i t y  f rom the  microsphere i s  so 
low as t o  a l l o w  the  microsphere t o  pass th rough  a  pe rson ' s  system w i t h o u t  s i g -  
n i f i c a n t  e f f e c t .  However, i f  t he  microsphere i n t e g r i t y  i s  compromised by  t he  
m i x i ng  process,  a  g r e a t e r  hazard e x i s t s .  I t  was undetermined i n  t he  r e p o r t e d  
t e s t s  whether the microspheres were mere ly  d i s l odged  o r  if they  f r a c t u r e d .  
One poss ib l e  method o f  e l i m i n a t i n g  the  sc rubb ing  process i s  t o  recess t he  
aluminum s t r i p  i n  t h e  f lame tube and cover  i t  w i t h  a  (25 pm mesh screen. Th is  
mesh s i z e  would p reven t  lycopodium p a r t i c l e s  f r o m  reach ing  t h e  epoxy b u t  would 
s t i l l  a l l o w  the  a i r  i n s i d e  t he  tube t o  i o n i z e .  Th i s  des ign emulates t he  com- 
me r i ca l  p r o d u c t ' s  "sea led  source" c o n s t r u c t i o n .  
Whi le t he  p o t e n t i a l  h e a l t h  hazard should  n o t  be min imized,  i t  should  be 
no ted  t h a t  severa l  t e s t s  were conducted when no con tamina t ion  was de tec ted .  
The g u i d e l i n e s  o f  " sa fe "  l i f e t i m e s  f o r  use o f  t he  weak s t r i p s  should  be f o l -  
lowed. Furthermore, when these s t r i p s  were f a i l u r e - t e s t e d ,  t h e  amount o f  
Po-210 which escaped t he  weak s t r i p s  was sma l l ,  and below NRC g u i d e l i n e s .  
L a s t l y ,  i t  should be no ted  t h a t  the  s t r i p s  when mounted i n s i d e  a  f l ame tube 
w i t h  i t s  endcaps i n  p l ace  a re  e f f e c t i v e l y  "sea led  sources," r e g a r d l e s s  of t h e  
use o f  a  w i r e  mesh. O f f i c i a l  approva l  o f  t h i s  c l a s s i f i c a t i o n  r e q u i r e s  submit-  
t a l  t o  t he  NRC o f  t h e  des ign  and o p e r a t i n g  p l ans  f o r  t he  exper iment .  
The problem o f  lycopodium l o d g i n g  under t h e  aluminum s t r i p s  was poten- 
t i a l l y  so lved by f a b r i c a t i n g  t h i n  aluminum s t r i p s  w i t h  curved backs and k n i f e  
edges. The cu rva tu re  matched t h e  tube  cu rva tu re .  A t h i n  double-s ided tape was 
then a p p l i e d  t o  the  s t r i p  back. A s p e c i a l  f i x t u r e  was designed f o r  p r e s s i n g  
t he  s t r i p s  i n t o  p l ace  i n  a  30 i n .  tube.  Pressure was a p p l i e d  near  t h e  s t r i p  
edges, w i t h  care be ing  taken t o  a v o i d  any p ressure  o r  c o n t a c t  w i t h  t h e  Polonium- 
210 elements.  F i gu re  13 d i s p l a y s  a  f u l l  l e n g t h  f lame tube w i t h  t he  s t r i p s  
mounted i n s i d e .  No t e s t s ,  however, were conducted t o  v e r i f y  t h i s  s o l u t i o n .  
POTENTIAL PROBLEMS AND CONCERNS 
To ensure s a f e t y ,  the  i n t e g r i t y  o f  the  s t r i p s  should be v e r i f i e d  when a  
combustion event occurs .  The epoxy o v e r l a y s  a re  expected t o  s u r v i v e  tempera- 
t u r e s  up t o  90 "C. I t  i s  known t h a t  t h e  f lame passage i s  s u f f i c i e n t l y  r a p i d  
t h a t  t he  o u t e r  w a l l  temperature change due t o  combustion i s  n o t  n o t i c a b l e  t o  
the  touch. The Lexan tube and aluminum s t r i p s  have a  l a r g e  hea t  c a p a c i t y  and 
should  p reven t  the  i n n e r  w a l l  temperature f r om  r i s i n g  s i g n i f i c a n t l y  as w e l l .  
However t e s t s  w i t h  bare aluminum s t r i p s  and po lon ium-f ree microspheres should  
be performed t o  determine t he  range o f  i n n e r  w a l l  temperatures which can be 
expected t o  occur i n  t h e  a c t u a l  exper iment .  
There a re  two a d d i t i o n a l  concerns r e g a r d i n g  use o f  t h i s  techn ique  i n  
reduced g r a v i t y .  F i r s t  any a i r b o r n e  Po-210 w i l l  n o t  s e t t l e  as r e a d i l y  i n  
reduced g r a v i t y .  Thus, c a u t i o n  shou ld  be ensured t h a t  t he  exper imenta l  hard- 
ware i s  we l l - con ta ined  and n o t  exposed t o  humans i n  reduced g r a v i t y .  Secondly, 
i t  i s  the  a u t h o r ' s  common exper ience t h a t  exper iments  i n  reduced g r a v i t y  do 
n o t  behave as p r e d i c t e d .  A l s o  the  removal o f  adhered p a r t i c l e s  by t a p p i n g  may 
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n o t  work as we1 1  i n  reduced g r a v i t y .  T h e r e f o r e ,  t h e  e f f e c t i v e n e s s  o f  t h e  tech -  
n ique  shou ld  be t e s t e d  i n  s h o r t  d u r a t i o n  reduced g r a v i t y  t e s t s  p r i o r  t o  i t s  
p lanned use i n  a  space-based exper imen t .  
CONCLUSIONS AND RECOMMENDATIONS 
1 .  As p o s t u l a t e d  by  B e r l a d  and J o s h i ,  t h e  n a t u r e  o f  adhes ion i s  c l e a r l y  
e l e c t r o s t a t i c .  The ADP l e v e l s  a r e  aggravated by  i n c r e a s e d  m i x i n g  t ime ,  v i g o r ,  
and t h e  number o f  p a r t i c l e s .  
2. I nc reases  i n  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  a i r  and t h e  tube  w a l l  
were i n s u f f i c i e n t  t o  reduce  ADP l e v e l s  t o  an accep tab le  v a l u e .  
3 .  The observed adhes ion  can be reduced to  a c c e p t a b l e  ADP l e v e l s  by use 
o f  an a l p h a  e m i t t e r  o f  s t r e n g t h  0.08 pCi12.54 c m l s t r i p  p o s i t i o n  i n  t h e  f lame 
tube t o  ensure comple te  and e f f e c t i v e  w a l l  exposure t o  t h e  s t r i p s .  T h i s  
s t r e n g t h  i s  n o t  n e c e s s a r i l y  a  l i m i t i n g  v a l u e ,  b u t  was i n s t e a d  t h e  lowes t  
s t r e n g t h  s t r i p  wh ich was t e s t e d .  T h i s  s ta tement  may n o t  be t r u e  f o r  r i c h e r  
m i x t u r e s ,  l o n g e r  m i x i n g  t i m e s ,  o r  i n c r e a s e d  a c o u s t i c  power. 
4. A lpha e m i t t e r s  were capable  o f  removing p r e v i o u s l y  adhered p a r t i c l e s ,  
as w e l l  as p r e v e n t i n g  adhes ion  occur rences .  However, i f  t h e  p a r t i c l e s  a r e  
adhered p r i o r  t o  exposure t o  t h e  source,  i t  may t a k e  severa l  m inu tes  o f  expo- 
sure  t o  induce t h e i r  removal .  T h i s  t i m e  f rame i s  a t  l e a s t  two o r d e r s  o f  magni- 
tude  l e s s  than  t h e  t i m e  f rame r e q u i r e d  t o  reduce adhes ion by c o a t i n g  t h e  w a l l s  
w i t h  c o n d u c t i v e  m a t e r i a l .  
5. No c o n t a m i n a t i o n  was measured when 0 .1  p C i l 2 . 5 4  c m l s t r i p  sources were 
used i n  c u m u l a t i v e  t e s t i n g  up to  300 sec o f  m i x i n g .  Ser ious  c o n t a m i n a t i o n  was 
observed however w i t h  s t r i p s  o f  s t r e n g t h  0 .8  t o  2.4 pCi 1 2 - 5 4  c m l s t r i p ,  due t o  
t h e i r  d i f f e r e n t  m a n u f a c t u r i n g  processes.  
6. The l e v e l s  o f  c o n t a m i n a t i o n  w i t h  t h e  f a i l u r e - t e s t e d  weak s t r i p s  were 
below t h e  c i t e d  NRC r e q u i r e m e n t s .  
7 .  The s h e l f  l i f e  of t h e  PCCE employ ing c o m m e r i c a l l y - a v a i l a b l e  s t r i p s  i s  
on t h e  o r d e r  o f  200 t o  250 days.  D u r i n g  t h i s  t i m e  p e r i o d ,  an i n s i g n i f i c a n t  
amount o f  h e l i u m  w i l l  be produced by  t h e  l e v e l  o f  Po-210 r e q u i r e d  i n s i d e  the  
f l ame tube  assembly. 
8. F u r t h e r  t e s t s  shou ld  be per formed i n  o r d e r  t o  v e r i f y :  ( a )  t h e  s t r i p  
i n t e g r i t y  d u r i n g  a  combust ion even t ;  ( b >  t h e  t e c h n i q u e ' s  per formance i n  reduced 
g r a v i t y ;  and ( c >  t h e  f a b r i c a t i o n ' p r o c e d u r e  t o  p r e v e n t  p a r t i c l e s  f r o m  r e a c h i n g  
t h e  s t r i p  s u r f a c e  and b e i n g  lodged  under t h e  s t r i p .  
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APPENDIX 1 
TEST PROCEDURE AND RESULTS FOR BASELINE TESTS 
A number o f  t e s t s  were conducted w i t h  d i f f e r e n t  v a r i a b l e s  t o  determine 
t h e i r  e f f e c t s  o f  lycopodium p a r t i c l e  adhesion on gold-coated Lexan tubes.  The 
v a r i a b l e s  i n v e s t i g a t e d  were: 
1. E f f e c t  o f  grounding (busbar) .  
2.  A n t i s t a t i c  c o a t i n g  - ANTISTAT-79. 
3. E f f e c t  of tube m a t e r i a l  (copper versus gold-coated Lexan). 
4. M i x i n g  t ime.  
5 .  Amount o f  lycopodium. 
6 .  Tube o r i e n t a t i o n  - the  d i r e c t i o n  i n  and f requency o f  p a r t i c l e  impacts 
a g a i n s t  the  w a l l s .  
7. Type o f  m ix ing .  
Be fo re  d i scuss ing  t he  r e s u l t s  of these v a r i a b l e s ,  a  b r i e f  d e s c r i p t i o n  o f  
p r e p a r a t i o n  o f  t he  exper iment ,  the  manner o f  pe r f o rm ing  t he  exper iment ,  and 
q u a l i t a t i v e  obse rva t i ons  a re  presented.  
PROCEDURE 
The genera l  t e s t  procedure used i n  t he  t e s t s  was: 
1. C lean ing  o f  tube w i t h  e thano l  and a i r  d r y i n g .  
2 .  Transpo r t  t o  d r y  box. 
3. Bottom end cap at tachment and ground connec t ion .  
4. Loading o f  lycopodium on bot tom end cap. 
5. Top end cap connect ion.  
6. M i x i n g  o f  p a r t i c l e s .  
7. Observa t ion  o f  p a r t i c l e  adhesion c h a r a c t e r i s t i c s .  
8. Tapping o f  tube t o  d i s l odge  " l o o s e l y  he ld "  p a r t i c l e s .  
9. Observa t ion  o f  p a r t i c l e  adhesion c h a r a c t e r i s t i c s .  
10. Removal o f  tube from d r y  box. 
11. Q u a n t i t a t i v e  p a r t i c l e  counts .  
12.  C lean ing  o f  tube w i t h  d r y  a i r  f o r  n e x t  t e s t  (go  t o  2 ) .  
T h i s  genera l  procedure i s  now expanded: 
1 .  C l e a n i n g  . . 
The tubes were c leaned  i n i t i a l l y  by s p r a y i n g  t h e  i n s i d e  w a l l s  
w i t h  190" e t h y l  a c l o h o l .  The a l c o h o l  d r i e d  i n  a i r  f o r  r o u g h l y  
1  min.  ( E a r l i e r  t e s t s  w i t h  v a r i o u s  c l e a n i n g  agents  r e v e a l e d  
e t h y l  a l c o h c l  as t h e  b e s t  c l e a n i n g  agent  amongst R113, a lconox 
soap, u l t r a s o n i c  s c r u b b i n g  w l d i s t i l l e d  w a t e r ,  and e t h y l  a l c o h o l . )  
2 .  T r a n s p o r t  t o  Dry  Box 
The tubes were hand led p r i m a r i l y  a t  t h e  ends t o  m i n i m i z e  s t a t i c  
charge b u i l d u p  d u r i n g  t r a n s p o r t .  
3. Bot tom End Cap At tachment  and Ground Connec t ion  
Aluminum f o i l  was used f o r  end cap m a t e r i a l  f o r  most o f  t h e  
t e s t s .  I t  was h e l d  snugg ly  t o  t h e  tube w i t h  r u b b e r  bands. 
Copper end p l u g s ,  wh ich snuggly  f i t  i n s i d e  t h e  ends o f  t h e  tube,  
s t a r t e d  t o  be used on t h e  3 7 t h  t e s t .  When aluminum f o i l  was 
used t o  sea l  t h e  t u b e ,  g round ing  was p r o v i d e d  by means o f  s i l v e r  
p a i n t  s t r i p s  and copper tape o v e r l a p p i n g  t h e  go ld -coa ted  i n s i d e  
s u r f a c e  o f  t h e  tube .  A l l i g a t o r  c l i p s  were t h e n  a t t a c h e d  t o  t h e  
copper tape " e a r s "  and connected t o  t h e  d r y  box o u t l e t  which,  i n  
t u r n ,  was connected t o  t h e  b u i l d i n g  ground. When t h e  copper end 
p l u g s  were used, t h e  g round ing  was s l i g h t l y  more d i r e c t  ( n o  
a l l i g a t o r  c l i p s )  l e a d i n g  s t r a i g h t  t o  t h e  box o u t l e t  and f r o m  
t h e r e  t o  t h e  b u i l d i n g  ground. The measured r e s i s t a n c e  between 
t h e  end cap and t h e  b u i l d i n g  ground was 0 . 5  Q. 
4. Load ing o f  Lycopodium on bo t tom End Cap 
Lycopodium was p l a c e d  on t h e  bo t tom end cap ( t u b e  i n  v e r t i c a l  
p o s i t i o n . )  I n  e a r l y  t e s t s ,  t h e  amount of  l ycopod ium was n o t  
measured, b u t  was around 1  g  ( i . e . ,  s e v e r a l  t i m e s  s t o i c h i o m e t r i c  
amount.) I n  t h i s  way, i t  proved t o  be " w o r s t  case" t e s t i n g  ( t o  
be d i scussed  l a t e r ) .  
5. Top End Cap Connec t ion  
Same as d i scussed  i n  paragraph 3 .  When 2 grounds were used, t h e  
second ground was t o  t h e  t o p  connec t ion .  
6 .  M i x i n g  
Manual Method: The tube  was h e l d  v e r t i c a l l y  by t h e  end caps and 
v i g o r o u s l y  shaken up and down and then  q u i c k l y  t u r n e d  u p s i d e  
down and shaken a g a i n .  E a r l y  t e s t s  were n o t  t i m e d  b u t  were on 
t h e  o r d e r  o f  10 sec i n  each p o s i t i o n .  I n  a  few t e s t s ,  ground 
connec t ion  was l o s t  d u r i n g  m i x i n g  ( n o t e d  on a t t a c h e d  s h e e t s ) .  
7. Observa t ion  o f  P a r t i c l e  Adhesion C h a r a c t e r i s t i c s  
Whi le s t i l l  i n  t he  d r y  box, the  tube was examined f o r  patches o f  
p a r t i c u l a r l y  heavy p a r t i c l e  adhesion. 
8 .  Tappinq o f  Tube t o  D is lodge  Loosely  Held  P a r t i c l e s  
With t he  ground s t i l l  connected, t he  tube was p laced  on t he  
f l o o r  o f  the  d r y  box and tapped t h r e e  t imes w i t h  tongs.  
9. Observat ion o f  P a r t i c l e  Adhesion C h a r a c t e r i s t i c s  
The tube was aga in  observed t o  see if p a r t i c l e s  o f  lycopodium 
had been d is lodged .  
10. Removal o f  Tube from Dry Box 
A t  t h i s  p o i n t ,  t he  ground was d isconnected.  The copper end 
caps, when used, were removed. The tube was taken  o u t  o f  t he  
d r y  box and a more thorough q u a l i t a t i v e  o b s e r v a t i o n  was made. 
11. Q u a n t i t a t i v e  P a r t i c l e  Counts 
I f  l i t t l e  genera l  adhesion was observed, then t he  tube was 
p laced under t he  microscope and p a r t i c l e  counts were taken  a t  
r e p r e s e n t a t i v e  l o c a t i o n s  a l ong  the  l e n g t h  o f  t he  tube .  Both 
a x i a l  and r a d i a l  p r o f i l e s  were taken. 
12. Cleaning o f  Tube w i t h  Dry  A i r  
The lycopodium p a r t i c l e s  adher ing t o  t he  tube were removed by 
b low ing  compressed a i r  across the  tube w a l l s .  Th i s  removed a l l  
p a r t i c l e s .  
Subsequent t e s t s  w i t h  t he  tubes proceeded as above, beg inn ing  
w i t h  paragraph 2, i . e . ,  t h e  e t h y l  a l coho l  c l e a n i n g  was n o t  
repeated.  
MODIFICATIONS TO ABOVE PROCEDURE 
1 .  Some t e s t s  were done o u t  o f  the  d r y  box t o  t e s t  t he  e f f e c t  o f  
us ing  room a i r  and lycopodium exposed t o  room a i r .  
2 .  One t e s t  was done w i t h  go ld-coated lycopodium. assuming a 100 A 
t h i c k  l a y e r  of g o l d  on t he  lycopodium, 100-mg t e s t  was compared 
w i t h  a 66-rng uncoated lycopodiurn t e s t s .  The we igh ts  were 
se lec ted  t o  have an equal (approx . )  number o f  p a r t i c l e s .  
3 .  Some t e s t s  were done w i t h  t he  tube h e l d  h o r i z o n t a l l y .  Th is  
produced more f requen t  c o l l i s o n s  w i t h  t he  tube w a l l s .  
4. With t he  copper tubes,  grounding was d i r e c t l y  t o  t he  tube w a l l .  
DISCUSSION OF RESULTS 
The f o l l o w i n g  i s  a  b r i e f  d e s c r i p t i o n  o f  t h e  f i n d i n g s  f r o m  t h i s  s e t  o f  
t e s t s .  
1 .  E f f e c t  o f  Grounding 
Grounding d i d  n o t  make much d i f f e r e n c e . i n  p a r t i c l e  adhes ion.  
I n c o n s i s t e n c y  i n  i n i t i a l  r e s u l t s ,  however, d i d  o c c u r .  T h i s  was 
due t o  i n c o n s i s t e n c y  i n  exper imen ta l  t e c h n i q u e .  (These t e s t s  
were t h e  f i r s t  done).  Busbar d i d  n o t  improve t h e  p a r t i c l e  
adhes ion.  
A n t i s t a t i c  L i q u i d  C o a t i n q  (ANTISTAT-79) 
I n i t i a l l y  i t  appeared t h a t  ANTISTAT-79 wiped on t h e  o u t s i d e  sur -  
f a c e  o f  t h e  tube  g r e a t l y  lowered t h e  p a r t i c l e  adhes ion.  However, 
f u r t h e r  t e s t i n g  showed t h a t  t h e  e a r l y  success was due t o  t h e  
i n a b i l i t y  t o  shake t h e  tubes.  The e a r l y  t e s t s  were w i t h  10" 
tubes which were d i f f i c u l t  t o  hand le  i n  t h e  d r y  box.  Shak ing 
w i t h  them was l e s s  v i g o r o u s ,  thus  l e s s  s t a t i c  charge was b u i l t  
up. L a t e r  t e s t s  w i t h  t h e  10 i n .  tubes i n  a  h o r i z o n t a l  p o s i t i o n  
showed a n t i s t a t  t o  make l i t t l e  d i f f e r e n c e .  
3. E f f e c t  o f  Tube M a t e r i a l  
Adhesion was s i m i l a r  ( e x c e s s i v e )  i n  t h e  copper tubes  and t h e  
go ld-coated Lexan. 
4 .  M i x i n q  Time 
The c l e a r  t r e n d  was t h a t  l o n g e r  m i x i n g  produced more adhes ion.  
The reason  f o r  t h i s  t r e n d  i s  b e l i e v e d  to  be e l e c t r o s t a t i c .  
Longer m i x i n g  produces more p a r t i c l e  c o l l i s i o n s ,  and l i k e l y  more 
charged p a r t i c l e s  and t h e r e f o r e  more adhes ion.  
5.  Amount o f  Lycopodium 
The amount o f  powder o r i g i n a l l y  p l a c e d  i n  t h e  t u b e  had a  c l e a r  
i n f l u e n c e  on how much s t u c k  t o  t h e  w a l l s ;  t h e  more powder p l a c e d  
i n s i d e  t h e  t u b e ,  t h e  more powder s t u c k  t o  t h e  w a l l s .  The denser 
c louds c r e a t e d  more s t a t i c  charge because o f  t h e  more f r e q u e n t  
p a r t i c l e  t o  p a r t i c l e  i n t e r a c t i o n .  
6. Tube O r i e n t a t i o n  
The adhes ion was s t r o n g l y  r e l a t e d  t o  t h e  way t h e  tube  was h e l d  
and shaken. I f  t h e  tube  was h e l d  h o r i z o n t a l l y  and shaken up and 
down, t h e  adhes ion was much h e a v i e r  than  i f  t h e  t u b e  was h e l d  
v e r t i c a l l y  and shaken up and down. The number and f r e q u e n c y  o f  
p a r t i c l e - w a l l  and p a r t i c l e - p a r t i c l e  c o l l i s i o n s  i n c r e a s e d  g r e a t l y  
when t h e  tube  was h o r i z o n t a l  as opposed t o  v e r t i c a l .  
7. Type o f  M i x i n g  
M i x i n g  v i a  a c o u s t i c s  produced a c l o u d  o n l y  i n  t h e  lower  p o r t i o n s  
o f  t h e  10 i n .  tube. I n  those p o r t i o n s  o f  t h e  tube  where 
v igo rous  m i x i n g  was ach ieved a c o u s t i c a l l y ,  heavy adhes ion was 
observed.  Because m i x i n g  was c o n f i n e d  t o  a sma l l  r e g i o n ,  a 
l a r g e  number o f  p a r t i c l e  c o l l i s i o n s  o c c u r r e d  p r o d u c i n g  more 
s t a t i c  charge. 
General Notes 
1.  P a r t i c l e  counts  w i t h  a microscope were n o t  taken  when i t  was 
obv ious t h a t  t h e  p a r t i c l e  d e n s i t y  was e x c e s s i v e l y  h i g h .  
(Grea te r  than  50 p a r t i c l e s / m m 2 > .  
2. Most o f  t h e  t i m e  t h e  p a r t i c l e s  were unevenly  d i s t r i b u t e d  
th roughou t  t h e  tube .  There were some patches h e a v i l y  coated and 
t h e r e  were spots  a lmos t  c l e a r  o f  p a r t i c l e s .  
TABLE A-1 
BASELINE TESTS 
s i d e  o f  tube 
TkBiE A-1 (corlci uded) 
Test number, 
date and 
t e s t e r  
32 
2/0/86 
HR, R K  
33 
Tube I . D .  
type/ length 
ma te r i a l  
A 
t rans .  temp. 
6" s t r a i g h t  
A 
LYCO 
mix ing  
method 
(Sec 
p i x )  
2 t o  5 
second 
shakes 
10 
Grounding 
method 
Copper tape 
1 ground 
Copper tape 
A n t i s t a t  
Yes 
Yes 
Test ing  
f o r  
? 
E f f e c t  o f  
bottom versus 
top or ien-  
t a t i o n  
E f f e c t  o f  
Tube appearance and 
p a r t  i c l  e coun 
(Number 16 mm 3 ) 
5 second 
b d s h a k e  
GRO~-~:"~~ second 
shake 
10 second 
Remarks, resu l  t s  
The longer  t ime we shake, the more LYCO 
s t i c k s .  Heavy patches o f  LYCO, grow and 
grow i n  former1 y c lean areas. 
APPENDIX 2 
PRODUCTION OF HELIUM I N  A FLAME TUBE 
F i n a l  a c t i v i t y  i n  each tube ,  I, 
4 s t r i p s  * 3 0 " l s t r i p  * 0.25 mCi1 in .  = 30 mCi1tube 
t 12 s t r i p s l e n d  * @ ends x 1" * 0.25 mCi1 in .  = - 6 
36 mCi1tube 
138 days e a r l i e r ,  need 72 m c i l t u b e ,  i . e .  2x 
Time c o n s t a n t  o f  decay: 
I -T t 0.5  = - = e where t = 138 days ( f r o m  1 i t e r a t u r e )  
I 0  
-C = 5 . 0 2 3 ~ 1 0 - ~  days-' 
A c t i v i t y  p e r  tube  as FN o f  t i m e  
Each a d i s i n t e g r a t i o n  p r o v i d e s  1 He atom; .'. t h e  r a t e  o f  g e n e r a t i o n  o f  
t h e  h e l i u m  i s :  
Now, MWH, = 4 g lmol  and t h e r e  a r e  6 . 0 2 3 ~ 1 0 2 3  atomslmole 
.'. so NHe i n  terms o f  grams 
2 * ( I . l d 0 4 8 x 1 0 ~ ~  a t l d a y )  ( 4 g lmo le  N ~ e  = e x p ( - ~ . 0 2 3 x 1 0 - ~  t )  6 . 0 2 3 ~ 1 0 ~ ~  atmslmol  e 
Assume 138 days i n  s to rage  
N ~ e  = 1 5 . 0 8 ~ 1 0 - ~  grams He 
Therefore t h e r e  a re  1 5 . 0 8 ~ 1 0 - ~  g He i n  a  tube a f t e r  138 days. Th i s  may 
be compared w i  t h  a i r :  
1.5 l i t e r  a i r  * 129 g f l i t e r  = 1.93 g a i r  
I n  terms of  p a r t i a l  pressure:  
PHe = pRT 
Ru 0.082055 l i t - a t m l m o l e l K  = 0.0205 where R = = 4  g/mole 
so PHe = 6.04xl0-' atm 
Th i s  amount o f  a d d i t i o n a l  d i l u e n t  i n  t he  tube i s  w e l l  w i t h i n  t h e  PCCE 
requ i rement  and i s  l e s s  than  t he  u n c e r t a i n t y  i n  the  c o n c e n t r a t i o n  o f  d i l u e n t  
used i n  t y p i c a l  combustion exper iments .  I t  t h e r e f o r e  i s  cons idered negl  i g i  b l e  
i n  i t s  e f f e c t .  
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TABLE I. - PARTICLE CLOUD COMBUSTION EXPERIMENT I N I T I A L  TEST PARAMETERS 
Tube l e n g t h :  75~0.2 cm 
Tube d i a m e t e r :  520.2 cm 
I g n i t i o n  s e c t i o n  d i a m e t e r  and l e n g t h :  6 .0 cm, 12 cm ( 2 0 . 2  cm) 
REACTANTS: Lycopod ium-a i r ,  i n  f o l l o w i n g  q u a n t i t i e s  ( n o t e :  e q u i v a l e n c e  
r a t i o  = 1 c o r r e s p o n d s  t o  230 mg) 
E q u i v a l e n c e  r a t i o :  0 .72,  0 .78,  0 .84,  0 .92,  1 .O, 1 .1,  1 .2 ,  1 .3 
A1 1 v a l u e s  t o  be w i t h i n  =5 p e r c e n t  
PRESSURE: 1 a tm ( 2 5  p e r c e n t )  
TEMPERATURE 294 26 K 
G-Level and R e c o r d i n g  Frequency:  <0.0005 g a t  1 Hz 
TABLE 11 .  - ADHESION ACCOMPANYING ACOUSTIC MIXING 
sources and 
s w i r l i n g .  On ly  
l i t t l e  adhesion a 
TABLE 111. - POLONIUM-210 SOURCE STRIP 
DESCRIPTIONS 
1 t:Elr 1 Source s t r e n g t h  C o n s t r u c t i o n  
40 pC i /15  cm no epoxy 
12 pC i /15  cm 1 c o a t  epoxy 
1.5 pC i /15  cm 2 c o a t  epoxy 
5  pCi  p e r  s p o t  
Notes:  pCi  = m i l l i C u r i e s  
Model 204 has a s i n g l e  s p o t  
s i z e d  -1 cm d i a m e t e r .  
TABLE IV.  - QUALITATIVE EFFECTS OF SOURCES I N  TUBES 
Test number 
and date  
dnd t e s t e r  
62 
5/22/86 
HR, RK 
63 
5/22/86 
HR, RK 
64 
5/28/86 
RK. HR 
6 5 
5/29/86 
RK, HR 
Tube I.D. 
and 
desc r i p t i on  
A 6" 
I 6" 
expanded 
B 6" 
B 6" 
Grounding 
method 
No ground 
No ground 
None 
None 
M ix i ng  method 
Ho r i zon ta l  
p o s i t i o n  - 
 nix up and 
down 30 sec 
Ho r i zon ta l  
p o s i t i o n  - 
mixed up and 
down (20 sec) 
tu rned 180° 
mixed another 
20 sec 
Ho r i zon ta l  
up and down 
30 sec 
Ho r i zon ta l  
up and down 
30 sec 
Test ing  f o r  
? 
To observe 
e f f e c t  o f  
"nuc lear  bar "  
newly a r r i v e d  
a-sources 
To observe 
e f f e c t  o f  
"nuc lear  bar "  
new1 y a r r i v e d  
a-sources 
E f f e c t  o f  
i o n i z i n g  
a i r  w i t h  
a-source 
E f f e c t  o f  
a-source 
on smal l  
amt o f  LYCO 
( 125 mg) 
Tube appearance and 
p a r t i c l e  counts 
( a f t e r  tapp ing)  
SQUARE 
STREAK il 
-A 
1 I' 
Remarks - r e s u l t s  
A. Dropped 
from 1/2" 
( i n s t e a d  o f  
t app ing )  - 
- 
s t r eak  on 
one s i de .  
B. Placed i n  
t he  source ba r  
( p i c t u r e )  kept  
i t  i n  f o r  1 min 
drop 3x- some 
powder f e l l  o f f  
C Allowed t o  s i t  i n  
d r y  box f o r  6 min 
drop 3x-almost noth- 
i n g  f e l l  o f f  
D. Placed t he  
source ba r  i n  t he  
tube f o r  6 min-drop 
3x-the s t r i p  a lmost 
f u l l y  f e l l  o f f  
0. Allowed t o  s i t  
f o r  11 min i n  t h e  
drybox (no  source) 
dropped 3x - j u s t  
l i t t l e  f e l l  o f f  
E. Po in ted  t h e  
source 6" a t  t h e  
same patch  as i n  
s tep  C f o r  2 min- 
drop 3x-almost 
cleaned t he  w a l l  
complete1 y 
1/2"--q/- !8 
C. Allowed t o  s i t  
i n  d r y  box f o r  
10 min-drop 3x none 
f e l l  o f f  
0. Exposed t o  
source f o r  5 min- 
drop 3x none f e l l  
o f f  
B. Placed t he  source i n  
the  tube f o r  30 sec- 
drop 3x-almost per-  
f e c t l y  c lean 
A. Le t  s i t  f o r  5 min  - 
dropped 3x no powder 
f e l l  o f f  
B. Placed i n  t he  6" source 
f o r  1 min-drop 3x-much 
powder f e l l  o f f -  a 
d i s t i n c t  o u t l i n e  where 
t he  source was a c t i n g  
was v i s i b l e  
- 
C.  Pointed t h e  source t o  
oppos i te  s i d e  o f  t h e  
tube f o r  2 min some 
powder f e l l  o f f  b u t  
no th i ng  d r a s t i c  
A. Took t h e  e x i s t i n g  tube 
and dropped i t  3x-no 
powder f e l l  o f f  t h e  
tube s a t  i n  t h e  d r y  
box a l l  week 
B. Exposed t o  source ( 6 " )  
f o r  1 min  dropped i t  
3x-only l i t t l e  powder 
f e l l  o f f  t he  source was 
1.5" away from t h e  w a l l  
I n i t i a l l y  ( a f t e r  shaking) 
t h e  tube was l i g h t l y  and 
even ly  coated everywhere 
A. Tap (drop)  3 x - l i t t l e  
f e l l  o f f  
Amt. LYCO ~ 2 5 0  mg 
Conclusion:  t he  
a-source had a 
d e f i n i t e  e f f e c t  
on adhesion 
Amt. LYCO Z 2000 mg 
(wanted heavy adhe- 
s i on )  ve ry  promis ing  
resu l t s -a  c l e a r  l i n e  
o f  demarcat ion i s  
v i s i b l e  where t h e  
source was p o i n t i n g  
HUMIDITY = 15% 
(DRYBOX) 
1 .5,# 
Since t h e  source 
on1 y has an a c t i v e  
range o f  1" i t  i s  
n o t  go ing  t o  
work a t  1.5". B 
Amt o f  LYCO = 125 mg 
Th i s  exper iment shows 
t h a t  smal l  amounts o f  
lycopodium can be 
d ischarded f a s t e r  and 
more comple te ly  than 
l a r g e  amounts 
TABLE IV .  - (cont . )  
Test number 
and da te  
and t e s t e r  
66 
5/29/86 
RK, HR 
67 
5/29/86 
RK, HR 
68 
5/28/86 
RK, HR 
69 
5/8/86 
RK. HR 
7 0 
5/29/86 
RK, HR 
M ix i ng  method 
Ho r i zon ta l  
up and down 
30 sec 
Ho r i zon ta l  
up and down 
30 sec 
Tube h o r i -  
t o n t a l  
shaking up 
and down 
30 sec 
Same as 
above 
Tube hor-  
i z o n t a l  
m i x i ng  and 
r o l l i n g  t h e  
tube. Ro l l ed  
t he  tube 7" 
Tube I . D .  
and 
d e s c r i p t i o n  
B 6" 
B 
A 6" 
A 6" 
B 6" 
Grounding 
method 
None 
- 
None 
None 
None 
None 
Test ing  f o r  
? 
Same as 65 
but  w i t h  
more powder 
(250 mg) 
Tube appearance and 
p a r t i c l e  counts 
( a f t e r  tapp ing)  
A. Q u i t e  a b i t  f e l l  o f f  
du r i ng  t he  i n i t i a l  
3 drops 
Amt o f  LYCO = 250 mg. 
The a-source got  t he  
p a r t i c l e  count down 
t o  acceptab le  range- 
b u t  i t  took  minutes 
t o  do i t  
Amt  of LYCO = 250 mg 
D i s k  source 
h PATCH 
3/4"1 I- 
Amt o f  LYCO = 250 mg 
Th i s  comparison 
between t e s t  68 and 69 
showed t h a t  w i t hou t  
t h e  a-source the  
powder remained on t he  
w a l l  s 
Amt o f  LYCO = 1000 mg 
Th i s  t e s t  proved w i t h -  
o u t  a doubt t h a t  t he  
source has a d e f i n i t e  
e f f e c t  on d i s l odg ing  
p a r t i c l e s  from t h e  
w a l l .  
3/4" 
Remarks - r e s u l t s  
Same as 66 
but  more 
v igorous 
shaking 
The e f f e c t  
o f  d i sk  
a-source has 
on adhesion- 
the  d i sk  
source i s  
approx. 3x 
stronger,  p e r  
area, than 
the 6" ba r  
To o b t a i n  a 
base1 i n e  f o r  
data i n  t e s t  
68 us ing  no 
sources 
To see t he  
e f f e c t  t he  
d isk  source 
has on heavy 
adhesion 
C. Exposed t o  
source f o r  1.5 
mi n-the who1 e 
pa tch  f e l l  o f f  
Amt o f  LYCO = 250 mg 
B. Allowed t o  s i t  6 min- 
drop 3x-some came o f f  
bu t  n o t  much 
A. Drop 3x-patch 
remains 
B. Exposed t o  source f o r  
5 min drop 3x-most o f  
t he  patch  f e l l  o f f ,  
some remains 
C. Allowed t o  s i t  f o r  
1-1/2 min no source 
drop 3x o n l y  l i t t l e  
f e l l  o f f  pa tch  remains 
A. I n i t i a l  shaking 
produced l o n g  and heavy 
patch. Drop 3x some 
f e l l  o f f  pa tch  remains 
B. Exposed t o  d i s k  source 
f o r  5 min drop 3x patch  
th inned ou t  b u t  t he  
l e n g t h  stayed about t he  
same 
A. Drop 3x l o n g  pa t ch  
remained 
B. Allowed t o  s i t  f o r  
5 min drop 3x l o n g  
patch  remained 
A. The r o l l i n g  produced 
even and very  heavy 
coa t i ng  o f  LYCO which 
d i d n ' t  come o f f  even 
w i t h  drops 
B. Exposed t o  d i s k  source 
f o r  5 min drop 3x a 
pa tch  f e l l  o f f  i n  a 
c i r c u l a r  shape j u s t  
where t he  source was 
D. Exposed t o  
I 
source f o r  7 min. 
pa tch  gone a f t e r  
1 drop sparse 
un i f o rm  l a y e r  s t i l l  
remains 
' 
Q m- 
- 
300@034 41 q ; O 0  
C .  Exposed t he  
tube t o  d i s k  source 
f o r  6 min-drop 3x 
t he  whole pa tch  
f e l l  o f  
C. Al lowed t o  s i t  
( i n  drybox) f o r  
another 6 min-drop 
3x patch  s t i l l  
remained 
C.  L e f t  s i t t i n g  i n  
i n  drybox ove rn igh t  
w i t h  6" source i n  
i t-drop 3x-the 
t h e  whole s i de  o f  
LYCO f e l l  o f f ,  o n l y  
where t he  source was 
p o i n t i n g  
TABLE I V .  - (concl  . )  
a-source and 
no source 
f e l l  o f f  but  much 
acoust ic  mix -  
TABLE V. - EFFECTS ON ADHESION OF SOURCES OF VARYING STRENGTH 
T e s t  f o r  emiss ion  a f t e r w a r d s :  Powder h o t ! . . .  Some 
TABLE V.  - ( c o n c l . )  
12 s h o r t  s t r i p s  have been g l u e d  on t h e  b o t t o m  o f  t h e  
t i v e  i n  r e d u c i n g ,  
19 RS 
9/ 19/86 
a t  3M 
FF c l e a r  
s t r a i g h t  
250 mg 
5 sec 
t a p  
on1 y  
90 sec 
m i x  and 
t a p ,  
10 sec 
t a p .  
90 sec 
m i x  and 
t a p ,  
3 sec 
t a p  
Near  f l i g h t  
c o n f i g u r a t i o n  
w i t h  500 mg 
o f  LYCO. 
<#> = 5.6/mn2 
S a f e t y :  CLEAN! 
T e s t  was i n i t i a l l y  a b o r t e d  a f t e r  10 sec because o f  
d iaphragm leakage .  D i a p h  30 was r e p l a c e d  by  d i a p h  
24 t h e  t e s t  was t h e n  resumed. 
A f t e r  8-1/2 n l i n  o f  m i x i n g ,  no m i c r o s p h e r e s  escaped 
f r o m  t h e  source  s t r i p .  
TABLE V I .  - EFFECTS ON ADHESION OF VARYING HUMIDITY 
Remarks - Resu l t s  
Very l i g h t  and un i f o rm  coa t i ng  
o f  p a r t i c l e s .  No b i g  patches 
but  small clumps (-20 p a r t i c l e )  
a re  common 
NOTE: The tube was acciden- 
t i a l l y  dropped i n s i d e  t he  d r y  
box. A f t e r  t he  drop a  s t reak  
o f  LYCO cou ld  be seen. 
Humidi ty i n s i d e  t h e  box = 
10 percent 
No no t i ceab le  patches.  F a i r  
be fore  tapp ing ,  much b e t t e r  
a f t e r  tapping.  S l i g h t l y  b e t t e r  
( c l eane r )  around t h e  a-source. 
Tapped t he  tube aga in  a f t e r  
30 .in-more LYCO f e l l  o f f  . T i  
Patches near ends o f  t h e  tube. 
Tapped tube 3x and LYCO i s  
s t i l l  s t i c k i n g .  
tom pa tch  f e l l  o f  
(around t h e  a - s t r i p )  
Humid i tv  Z 0% as w i l l  be 
TWO l o n g  patches a long the 
l e n g t h  o f  the  ~ . I I ~ P  
Smal ler  pa t ch  on t o p  
I n i t i a l l y  be fo re  t app ing  
Wide patch  on bot tom s i d e  
Tube was tu rned v e r t i c a l l y  and 
t rapped 3x most o f  t he  par- 
t i c l e s  f e l l  o f f  a f t e r  tapp ing  
Amount o f  LYCO i n  = 859 mg 
I n  general t h e  u - s t r i p  appeared 
t o  r e l i e v e  s t i c k i n g  b u t  i t  was 
very t ime dependent 
Tes t i ng  f o r  
? 
E f f e c t  o f  
decreasing 
s t a t i c  by 
i o n i z i n g  the  
w i t h  a1 pha 
p a r t i c l e  
en~ i  t t i n g  
s t r i p  p laced 
i n s i d e  the  
t u b e  
on1 y  small 
p o r t i o n  o f  
tube covered 
by source 
Same as above 
u s i n g  d i f f e r -  
en t  tube. 
E f f e c t  o f  
i o n i z i n g  the  
a i r  t o  
decrease 
s t a t i c ,  w h i l e  
genera t ing  
s t a t i c  by 
m ix i ng  powder 
i n  a  hor izon- 
t a l  he ld  tube 
Grounding 
method 
Copper 
end plugs 
(bo th  ends 
grounded) 
Same as 
above 
Both ends 
capped 
w i t h  alum- 
inum f o i l  
ground 
using 
a l l i g a t o r  
c l  i p s  
L' 
Tube appearance and p a r t i c l e  
counts ( a f t e r  tapp ing)  
7 0 1 2 0  100 3031:: @306@23 
3 0 3 5  14 0  
B  C  
Amount of LYCO 
A  8 C i n  = 420 mg 
80 80 
r e s t  nu111ber 
Jd te  and 
t e s t e r  
5 2  
4/16/8b 
HR, RK 
53 
4/16/86 
t i R ,  RK 
54 
4/16/86 
I i R ,  RK 
a  S t r i p  Amount o f  LYCO 
i n  = 232 mg 
a 2 2  32 120 
3 7 a  2 0 0 2 8  (9121 )  
1 2 0 ~ ~  46 120 32 
Too many p a r t i c l e s  f o r  
count ing .  Betore tapp ing  
extreme1 y  heavy coa t i ng  
everywhere i n  l a r g e  b lo thes  
A f t e r  tapp ing  some LYCO 
f e l l  o f f  b u t  l o t  o f  i t  i s  
s t i  11 s t i c k i n g - l a r g e  
b lo t ches  very  heavey near 
t he  a - s t r i p .  Tapped 
aga in  a t  t e r  20 min ( i n  the  
drybox) some more f e l l  o f f  
most ly  near the a-source 
Amount o f  
LYCO used 
M ix i ng  
method 
5  5  
4/18/86 
t I R .  KK 
58 
4/23/86 
KK, HR 
Tube I.D. 
and 
d e s c r i p t i o n  
J 6" 
t rans .  temp. 
2.5" nuc lear  
bar  mounted 
i n s i d e  t he  
tube 
G 6" 
t rans .  temp. 
2.5" nuc lear  
bar  
HDR 1/4/86 
2.5" nuc lear  
bar  
LYCO 
m ix i ng  
method 
Shake 
t u r n  
shake. 
Tube 
he ld  
v e r t -  
t i c a l l y  
shaken 
5  sec 
i n  each 
o r i e n t -  
a t i o n  
Same 
as 
above 
Same as 
above 
Tube 
he1 d  
h o r i -  
zonta l  
shaker1 
f o r  
10 sec 
a-source on 
Same as 
above 
No 
G  6" 
t rans .  temp. 
2.5" nuc lear  
bar  
J 
bottom 
Same as 
t e s t  54 
(wo rs t  case) 
Mixed i n  a l l  
d i r e c t i o n s  
t o  ge t  
a - s t r i p  
10s 
Same as 
t e s t  54 
ex t remely  
heavy coat 
o f  LYCO. 
Lo t s  o f  
s t a t i c  
charg ing  
TABLE V I .  - (conc l . )  
l e s t  number 
da te  and 
t e s t e r  
1 
8/31 /86 
5 RS 
9/8/86 
Tube I.D. 
and 
d e s c r i p t i o n  
A A 
w i t h  
sources 
Go1 d 
LYCO 
m ix i ng  
method 
Amount o f  
LYCO used 
250 mg 
250 mg 
M ix i ng  
method 
Acous- 
t i c  
60 sec 
mix 
Acous- 
t i c  
60 sec 
mix 
60 sec 
t ap  ( t o -  
ge ther )  
Grounding 
method 
Tes t i ng  f o r  
? 
To check 
t he  e f f e c t  
o f  a-source 
To check 
t he  e f f e c t  
Tube appearance and p a r t i c l e  
counts ( a f t e r  tapp ing)  
<#, = 1 0 1 ~ 2  
<#, = 5.8/mm2 
Remarks - Resu l t s  
Tapped 3x a f t e r  t h e  t e s t  
Some agg lomera t ion  observed 
on t h e  bot tom 1/8 o f  t he  tube. 
o f  a-sources 
<#>/ I1  photo  = 2.3/mn2 
However no o t h e r  heavy patches 
were observed R.H. = 20 percent  
Sources p laced i n  t he  tube. 
T A B L E  V I I .  - W I P E  T E S T  NASA T U B E S  
- 
aOn s t r i p  i t s e l f .  
NITROCELLULOSE WOOL/ 
\ NICHROME WIRE IGNITER MIXING SENSOR 
\ [MYLAR MOUNTING O-RING- 
, , DIAPHRAGM BRACKET7 \ \ 
I'TERMINA;~ ?TRANSITION BETWEEN I PRESSURE i  SPEAKER 
I IGNITER AND FLAME TRANSDUCER 
l F I L T E R / H E A T  TUBE SECTIONS LLEXAN FLME TUBE 
EXCHANGER 2 I N .  I . D .  X 0 . 1 2 5  WALL 
FIGURE 1. - SCHEMATIC OF FLAME TUBE ISSEMBLY. 
( a )  TOP SURFACE SPECIMEN HOLDER CONTAINING A 1-MICRON GOLD F O I L  
(b )  TOP SURFACE MOUNTED ON ACRYLIC TUBE ( 4  IN, DIAM, 6 IN. H IGH) .  WIRES ARE TO B U I L D I N G  
GROUND. 
F IGURE 2. - BERLAD AND J O S H I ' s  TEST SETUP. 
0 GOLD 
0 I T 0  
CLEAN ACRYLIC 
A SOILED ACRYLIC 
100  1 I 
1 o0 102 l o4  lo6 lo8 1010 
SHEET RESISTIVITY. n/o 
FIGURE 3. - OBSERVED ADP VALUES VERSUS SHEET RESISTIVlTY FOR GOLD, 110, AND ACRYLIC SVPLES.  
r GROUND LEXAN GROUND 
\ WIRE TUBE7 2 I N .  d WIRE1 
\ I I I 
/ k- 6 OR 1 0  IN.  
~ O P P E R  -d L ~ ~ E R  
END END 
PLUG PLUG 
( a )  COPPER END PLUG SYSTEM. FRICTION F I T .  
GROUND 
ALLIGATOR GROUND 
FOIL  CAP 
BAND (GOLD PLATED) LRUBBER 
BAND 
(b )  ALUMINUM FOIL  END CAP. 
FIGURE 4. - SCHEMATIC OF TEST SECTION. TWO ENDCAP ARRANGEPENTS WERE 
USED. COPPER TAPE WAS USED TO PROVIDE A DIRECT CONNECTION FROM 
TUBE WALL TO BUILDING GROUND. 
,r- MYLAR DIAPHRAGM 
/ m 
MYLAR DIAPHRAGM 
TRANSITION 
SECTION --\ 
SIGNAL GENERATOR 
SPEAKER- 
AMPLIFIER 
SPEAKER ENCLOSURE 
FIGURE 5. - SCHEMATIC OF ACOUSTIC TEST APPARATUS. 
FIGURE 6. - SCANNING ELECTRON MICROSCOPE PICTURES OF ADHERED LYCOPODIUM. MAGNIFICATION: 2000. 
A 
10. 3g7 
7 0.358 DIAM (9) 
I / k- 8 fQ. SP. :1;,75 = 6 . 0 0 4  k 0 . 3 8  
( b )  PM 20 STRIP. 
13.125 REF. 
29 EQ. SP. AT 0.437 = 12.673 
.250 N P  (ACTIVE AREA) 
0.280 REF. 
(C) 7B8L STRIP. 
EPOXY 7 
\ 
SUBSTRATE 
0.032 IN. ALUMINUM 
(d )  TYPICAL CONSTRUCTION TECHNIQUE FOR (b) AND (C). 
FIGURE 7. - POLONIUM-210 SOURCE STRIPS. 
FIGURE 8. - POLONIUM-210 7B8L STRIPS MOUNTED INSIDE TUBE. NOTE VOIDS IN EPOXY HOLDING 
STRIPS TO TUBE WALL. 
( a )  NO SOURCE STRIPS. 
(b )  SOURCE STRIPS IN ALL BUT TRANSITION SECTION OF TUBE. 
FIGURE 10. - EFFECT OF POLONIUM-210 ON ADHESION. 
( a )  RADIOACTIVE SOURCES NOT IN USE. (b)  POLONIUM-210 SOURCES IN USE. 
FIGURE 11. - WALL PARTICLE ADHESION FOR A CLEAR LEXAN (UNGROUNDED) TUBE. MIXING: 250 MG LYCOPODIUM AT 13 W AND 200 Hz FOR 60 SEC. 
FIGURE 12. - LYCOPODIUM LODGED BEHIND SOURCE STRIP. 
SEE ALSO VIEW OF TAPPER. 
FIGURE 13. - PCCE TUBE WITH MOUNTED SOURCE STRIPS. 
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